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The Cover Stroboscopic lighting and photography are wonderfully effec tive tools in 

the f1e'd of mechanic al mo tion analysi Too of ten, however, th1s applicat1on is obscured 

by 1 IJstrat1ons of the use of strobe techniques 1n studies of the human figure in motion. 

The article rn this issue, describing the new GR Strobolume, should convince our readers 

that this s1-nple but efficac ious tool 1s equally suited to studies of mechanical and human 

mot n 

It was my pleasure to spend the last two 

weeks of August in Ottawa as Scientific 

Editor for Commission I, I nternational Scien

tific Radio Union (URS\). dur ing the XVI th 

General Assembly of URS\. The assembly 

meets to review the developments that have 

taken place internationally during the past 

three years in the many fields of radio science 

and to explore the areas of research and 

development urgently required during the 

ensuing three-year period. 

There is, however, a more fundamental 

purpose behind the meetings. The assembly 

presents an opportunity for representatives 

of the national academies and scientific 

bodies not only to exchange ideas in the 

technical fields and to provide for arrange

men ts to coordinate experiments but also to 

meet as persons. The latter perhaps is the one 

most important factor in the success of these 

meetings for it removes, for a short time at 

least. the political and geographical bound 

aries that separate nations. 

From the internat i onal pool of technical 

information that flowed from the numerous 

technical reporters, the rising influence of the 

computer as a vital part of the measurement 

system was quite apparent. This influence 

became even more apparent during sessions 

that involved other commissions, who look to 

Com mission I for help in linking instruments, 

people. and computers into a coordinated 

measurement un it. 

Unquestionably. the complexity of our 

ever-expanding technology requires a more 

rapid adaptation to change . Therefore the 

interests and concern of Commission I, and of 

all other activities concerned with measure

ments and standards. must turn inevitably to 

technological innovation -- to the coupling of 

man. instrument, and the computer to reach 

the goal of pur posef ul measurement research, 

from which come new and improved prod

ucts and services. 

The three-year period to the next General 

Assembly of URSI in 1972willbean exciting 

time during which the data monster -- the 

computer - will be tamed and managed to 

perform more meaningful and accurate 

measurements rather than to deluge man with 

reams of measurement data of questionable 

value. 

C. E. White 

Editor 
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GR 1 540 Strobolume with l amp head and three availabl e control units. 

Detailed Viewing 1n Ambient Brightness 

he nurrib r of apphcat ons for the stroboscope has incr ased dramatically rl'l the last few years 
severely x ing the performance nd f tur of existing equipment One of the most important needs has 
been r ter light avail ab llty from smaller pa k for operator convenience The GR 1540 Strob olume 
electronic stroboscope was developed to meet this need The GR 1 540, row the brightest commerc.1ally 
available general purpose stroboscope combines the f atures of modular construction w th 
approximately 20 times the hg t Ol.ltput per flash when compared with previous stroboscopes such the 
GR 15J1 Strobotac<F.>electroni strobos ope 

The combination of a strobos opic light and relatively 

inexpensive clo ed circuit television equipment is an exciting 

and powerful new analysis tool that combine a pects of both 

visual and photographic viewing. With currently available tv 

equipment, there are no strobe interconnection or syn

chronization problem . These tv systems employ vidicon 

camera tubes. The vidicon "sees" and stores the pul ed image 

in a manner analogous to the human eye. The image is 

converted to a video signal (electronic by a scanning beam 

that can be either played back immediately on a monitor or 

torcd on magnetic tape by a video tape recorder. uitable 

video ystems (camera, VTR, monitor) today are available for 

as little as I ,500. The vidicon is quite sensitive and perform 

well under varied light conditions. 

With tv the operator can be at a location remote from the 

subject, camera, and strobe, which is of value in hazardous 

experiments uch a ob erving rain erosion on the leading 

edges of rapidly rotating helicoptor blades. The low cost of 

video tape and its long playing time, typically 30 to 60 
minute , make it practical to record entire tests such as 
monitoring development progress in a vibration-reduction 

program. These recordings may be rerun and reexamined as 

often a de ired long after the test equipment has been tom 

down or the tested device has been modified. Quite obvious

ly, uch records may contain much more useful information 

than written notes. An additional feature of video taping is 

the availability of one or two audio channel for data logging. 
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Because the vidicon can tore the pulsed images between 

fla he this system make it practical to extend stroboscopic 

visual analysis to machine moving so slowly that the eye 

would otherwise be subject to cvere "flicker effect." 

Perhaps the most exciting aspect of video storage is the 

"in tant" and "single frame-by-frame" playback capability 

of the video tape that, unlike movie film, does not have to be 

ent out to be processed. This gives the operator such 

flexibility that the y ·tern can be used for troubleshooting 

machine malfunction in real time or reducing the setup time 

of complicated machine . 

With a slightly more sophisticated ystem, uch a two 

camera and two strobe lights, a split-screen technique can be 

u ed to view widely separated machine functions or opera

tions with respect to each other, in exact time synchronism! 

Film becomes usele when the records have no further 

historical value; the tape may be erased and re-used. 

UAL 10 0 

The new GR 1540 Strobolume electronic stroboscope is 

ideally suited a a upplement to visual analysis of almost any 

form of motion, repetitive or non-repetitive. It can be used as 
a continuou ly adju table flashfog source over a range from 

30 to 25,000 flashes per minute or for no-contact speed 

measurements to 250,000 rpm. With a manual oscillator 

adju tment, the flashing range can be set to be at or near 

ynchronism with a cyclically moving object, to give a visual 

image of topped or slow motion. 

3 
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Figure 1. Motion analysis with a stiff camera. 
Picture sequence is a permanent record of 
vis ual observations made to detect mis
behavior of follower in contact with cam 
rotating at 3000 rpm. The technique com
bines synchronized flash plus continuous ad

vancement of the time-delay control, to pro
duce a high speed "still movie." 

A second method of motion analysis employs a trans
ducer, such as a photoelectric pickoff or a switch contacting 
mechanism, to sense the position of the object and to "trip" 
the Strobolume flash. A particularly useful feature is that, by 
the flip of a switch, the photocell can be made to respond to 
either light marks on a dark background or dark marks on a 
light background, or to contact opening or closure. The 
strobe flash rate follows any deviations in the speed of the 
moving object to J)l'Oduce a stationary visual image, thus 
eliminating the need for manual tracJcjng of the oscillator 
dial. [n addition, any point in the motion of the object can be 
examined if each flash occurs some time later than the 
corre ponding synchronizing signal. 

In the GR 1540, this time delay can be manually con
trolled by a continuously adjustable time-delay circuit. The 
same knob control used for varying the flashing rate also 
provides this adjustment over a range of from 100 micro
seconds to I second. The longer a flash is delayed, with 
respect to the synchronizer's signal, the farther along in its 
cycle the object will move before being illuminated. The 
visual image can thus be adjusted through the entire cycle of 
motion, if desired, and the operator is freed from manually 
tracking the oscillator to follow any speed variations. 

A practical example (Figure I) shows a cam and its 
misbehaving follower. As ume that the cam is rotating 
counter clockwise at 1800 rpm (30 rps or 0.033 second per 
revolution). With no time delay, the image will appear, a in 
Figure 1 a, at the instant a photoe1ectric pickoff has sen ed 
the light reflection from a piece of reflective tape mounted on 
the earn hub. Figure l b  shows what the stopped image would 
look like when 8.3 milliseconds ( 1 /4 revolution) of time 

4 

delay have been introduced. As more and more time delay i 
added, Figure I c through l f, the cam can be seen in all 
phases of it motion. Thus, valuable phase information can be 
obtained about a moving object's behavior. 

PHOTO-INSTR I c IT' T ON 

In many studies recording requirement can be met only 
using film as the to rage or reference medium. The preceding 
technique can be u ed to take high- peed single-fla h photo
graphs with conventional cameras. With almost any conven
tional still camera connected to the X-syn -contact input on 
the Strobolume, plus the adjustable delay, photos can be 
taken of a moving subject at a specific point in its cycle. One 
can, in effect, create a high- peed "still movie" record of fa t 
repetitive events, similar to that shown in Figure 1. 

The GR 1 540 also has a built-in provision for keying the 
o cillator manually or with camera contacts to take multi
flash or "flash-burst" 'photograph of relatively slow events. 

M ov i n g - f il m  r ec o r d i n g  in h i gh-s p eed photo
instrumentation has chiefly involved the use of high-speed 
movie cameras such as the Hycam*, with framing rate in the 
hundreds- or thousands-per-second range. Although the 
cameras are equipped with internal shutters to pulse the 
image to the film, a strobe light source such as the GR 1 5 40 is 
often required to produce image of greater clarity and 
freedom from distortion. With strobe light as the high-speed 
shutter, the subject is viewed for microseconds per frame 
rather than milliseconds. Many high-speed cameras have the 

•Red Lake Labs, Inc., Kifer Industrial Park Santa Clar� Californ1·a 
95051. , • 
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necessary sync pulse to trigger the flash each time the shutter 
is fully open. 

A high-speed camera is usually operated at framing rates 
several times the subject cyclic-motion rate, to obtain many 
pictures within a single cycle. It is possible, in the case of 
repetitive motions, to use a stroboscope and a conventional 
movie camera fitted with an appropriate synchronizing de
vice to take movies at effective framing rates of hundreds of 
thousands of frames per second. In this case, a sampling 
technique is employed, similar in concept to the principle 
employed by a sampling oscilloscope, and each resulting 
image is of a different cycle. Figure 2a is an illustration of one 
of a number of techniques (outlined in the Handbook of 
High-Speed Photography) for using the stroboscope (whose 
"light is the high speed shutter ') with a conventional movie 
camera, while Figure 2b is representative of the result ob
tainable. The Cinema-Beaulieu* camera in this example was 
chosen because it uniquely combines the features required 
of an in trumentation-grade camera, including provision 
for the addition of the required synchronizer for strobe use. 

MONI LT THIG SPEED 

In the graphic arts industry, stroboscopes play a vital role 
in maintaining printing quality. Today's high-speed presses 
print at the rate of 1 000 feet per minute and faster. At these 
speeds, it is very important that any printing degradation, 
such as misregister or misalignment, be caught and corrected 
as soon as possible in order to minimize paper spoilage. This is 
particularly true when material such as computer business 
forms, labels, and recorder chart paper is printed on continu
ous paper strip. Tearing samples from a roll often is out of the 
question - even locating the fault is difficult because there is 
no way of determining how far into the roll the trouble may 
have gone. But, through the use of stroboscopy, printers are 
cutting operating costs drastically. 

The printing is monitored with a stroboscope usually 
synchronized to the press, although photoelectric detection 
directly from the printed material is often practical with the 
GR 1 540. The pressman views the stroboscopically stopped 
image. At the first sign of a rnisregister he inserts a paper 
"flag" into the printed roll where the fault begins, makes his 
press adjustment and inserts a second flag into the roll at the 
point where correct printing begins. Later, it is a simple 
matter to cut out the faults and to splice the rolls. 

The modular construction of the G R  1 5 40 makes it well 
suited to use on presses where the lamp head, operator 
controls, and power supply must be separated. Paper stretch 
and shrinkage during continuous printing also can be monit
ored with a stroboscope. A scale is permanently secured near 
the edge of the web so that reference can be made to some 
periodic printed mark on the paper. A reading of the scale is 
made with a strobe during press make-ready operations. The 
location of the printed mark with respect to the scale is then a 
fixed reference for proper operating conditions. This refer
ence is viewed stroboscopically during the print run. If any 
deviation occurs, the press man kno�s immediately by how 

*Cinema-Beaulieu, Inc., 155 West 68th Street, New York, N. Y., 
10023. 
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GR 1�40 

a. 
CINEMA BEAULIEU 

MOVIE CAMERA 

Figure 2. Study of a wood bit drilling 
an unsecured plastic block. Strobo
scope an d conventional movie cam
era uses camera/flash rate of 8 per 
second to view bit rotating at 2 000 
rpm. Apparent slow rotation is a
chieved by gradual increase of flash 

delay-control setting. Note that the 
15-µs effective shutrer speed pro
duces the required sharpness of sub
ject to permit detailed examination 

of individual frames. 

b. 
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much, and whether it i stretch or shrinkage, and an make 

any required paper-roll tensioning adjustments. 

The high light-output levels from the GR 1540 not only 

make troboscopic viewing practical under normal ambient 

light conditions but permit " cc-through" inspection of 

many paper stock when both sides are printed and front-to

back registration must be maintained. 

There are many other trouble that are monitored trobo

scopically in printing operations: color register, location and 
quality of perforations, punched and die-cut holes, quality 

of over-all printing. Too "mushy" an impre ion would in

dicate perhaps too light a pre sure or possibl trouble in 
the inking fountains. A blooming or compre ing effect at 

the ends of printed line would indicate paper mi align

ment. Hickie would indicate water potting, and dot break 

up in half-tone areas would indicate printing cylinder 
wear. We are ure that the printer for the Experimenter i 

noting these points as the pre ses roll! 

Th de ire for illumination level well above tho e of the 

GR 153 l Strobotac® electronic trobo cope has re ulted in 
unique de ign solutions. A photographer generally require 

the highe t possible light per flash, which is proportional to 

the energy in Joules or watt- econds di charged through the 

lamp. Visual intensity, on the other hand, is approximately 

equal to the lamp input energy per na h multiplied by the 

rate al which the lamp flashes. 

To satisfy both applications requires a high order of heat 

di sipation from the strobe lamp. The Xenon-filled lamp 

upplied with the Strobolume is an efficient converter of 

electrical energy to light and is protected from overheating by 
an electronic governor that prevent driving the lamp at rates 

in excess of the maximum allowable for the corresponding 

intensity settings. In addition, the quartz envelope of the 
lamp is forced-air cooled to with tand safely the high locally 
developed temperature , thus permitting continuous opera

tion at any flash rate up to 25,000 per minute. 

The pectral output of a quartz-envelope Xenon lamp 

extend from the near ultraviolet, through the visible, and 

into the near infrared light region . The GR 1540 is thus an 

excellent source of pulsed ultraviolet and infrared light when 

the e normally invisible wavelengths are required, such as for 

detecting fluorescent ink registration mark on printing 

pre ses. A plastic faceplate normally covers the reflector and 

absorbs the ultraviolet light, to prevent possible eye irritation 

from prolonged exposure. 

There are several new features in the GR trobolume to 

extend its flexibility to both experimenters and photo

grapher . 

Mechanical adjustment of the lamp-reflector combination 

produces either a narrow or broa$1 light beam for uch diverse 

projects as viewing the wide web of an operating printing 

pre by means of a narrow, horizontal beam or photo

graphing a large moving ubject by means of the normal 

rectangular beam pattern. 

6 

C. E. Miller was graduate d from Yale Univer 

sity in 1960 with a B. Eng. degree and 

received his MS degree from Massachusetts 

Institute of Technology in 1966. He joined 

General Radio in 1960 and is an e ngineer in 

the Component and Network Testing Group. 

He is a me m ber of IEEE, AOA, ATI, SPSE, 

and holds a patent for a constant offset 

frequency-generating device to produce 

slow-motion images. 

• Light output is approximately twenty times greater than 

that of the familiar GR 1531 Strobotac under continuous 
operating conditions. It may be increa ed, at lower flash 

rate , by u ing a booster capacitor. 

• Three control unit. presently are available to satisfy a wide 

variety of applications. Their modular onstruction permits 

operating flexibility and provides features required for a 

particular application at minimum cost; equally important, it 
permits future expan ion as needs dictate. 

URTHER EL T 'T r 

Mo t applications for strobe light fall, very broadly, into 

three categories: speed mea urement, motion analy is, and 

photography. Only a few pecific cases have been covered 
here, but a comprehensive coverage is contained in two GR 

publications: 
Handbook of High-Speed Photography ( $ l .00 .S.) 
Handbook of Stroboscopy ( $2 .00 .S.) 

Readers will find both books to be of great value in their 

respective fields. In addition, a free sub cription to a GR 

periodical, Strobotactics, is available upon request. This 
publication contains description of new and interesting 

applications, as well as other information of interest to user 

of stroboscopic equipment. -C. E. Miller 

Complete specifications for the GR 1540 are available on the 
catalog page, include d  as a tear sheet inside the back co.ver of this 
issue, removable for insertion in GR Catalog T. 
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A STANDARD-SIGNAL GENERATOR 

IMPROVES ITS VERSATILITY 

Most tandard-signal generator do 
not provide adequate sweep capabil
ities. On the other hand, sweep-signal 
genera tors Jack both short- and long
term stability in the cw mode and are 
therefore of little value in critical 
point-by-point tests. To meet the in
creasingly stringent requirements for 
both sweep and point-by-point testing 
of high-frequency networks up to 80 
MHz, General Radio has made available 
several new models of the well
established GR l 003 Standard-Signal 
Generator.1 

Redesign of the auto-control m del 
of the GR 1003 includes a permanent
magnet de-motor drive with electronic 
speed control and a second horizontal
. weep output voltage at high level 
( 1 V / l % /:::,[) to facilitate the display of 
narrow-band frequency sweeps. The 
original rf circuit design remains intact, 
with its high ( 1 ppm/] 0 min) carrier
frequency tability and with no n ed 
for a restabilization period following 
range changes. 

The carrier-level-meter voltage scales 
are now calibrated in terms of voltage 
across a matched 50-ohm termination. 
Thi conforms to the current trend, 
described in this is ue of the Exper· 
imenter, page 12; earlier model were 
calibrated in "volt behind" the 50-
ource re istance. If desired, "volts 

behind" can be obtained by multiplying 
the meter readings by 2. 

The GR 1003 is an excellent 
instrument for measurement of very 
selective high-frequency networks by 
either weep or point-by-point tech
nique . The slow-speed sweep, in con
junction with a storage o cillo cope dis
play, is u eful for measurement of 
pa -band characteristics. Two model 
include an internal crystal calibrator 

I Altenbach, R ., "The 1 003 Standard -Signal 
Generat or," GR Experimenter, July-August 
1967. 
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that provides frequency marker at l 
MHz, 200 kHz, and SO kHz for 
accurately defining specific points of a 
display. The high-output capability i 
free of spurious non-harmonic signals. 
A highly stable cw signal is available for 
frequency measurements, at specific 
value of attenuation, on steep slopes of 
re ponse curve . Repeatability of the 
frequency-dial etting i a sured by 
the typical low-frequency drift rate 
( 1 ppm/ 10 min; residual fm < 3 Hz). 
An auxiliary rf output jack on the GR 
I 003 provide a convenient monitor 
point for a frequency counter, such as 
the GR 1191 or11 92. 

Capabilities and feature of the new 
auto-control model generator include: 

Operation between two front
panel-controlled limit , at continuous
ly-adj u table rate from /::,f/f ranges of 
0.05%/ to 5%/s. Return sweep is fast 
and blanks out the rf output. 

Sweep widths with motor drive, 
varying from 0.2% to over a full octave, 
provide good transitions to the elec
tronic sweep limits. 

Availability of large weep voltages, 
even with narrow weeps. 

Direct corrcla tion between the sweep 
voltage and the frequency dial, which is 
calibrated to 0.25% Limit of error, pro
vides a logarithmic display with 
constant-percentage re olution for wide 
sweeps. weep end points can be de
termined directly from the corres
ponding main frequency-dial readings. 

Voltage versus frequency is essen
tially linear in narrow-band (� 4% 
sweep width) frequency applications, 
permitting linear interpolation between 
the e tablished limits. (Di play devices 
usually have horizontal-axi calibra
tions in volt per graticule division, 
thereby permitting direct conversion of 
the generator's I V/1%6[ change into 
hertz.) 

Very narrow weep widths can be 
accurately calibrated by use of two 
different settings of the calibrated /::,F / 
control on uccessive sweeps (Figure 1 ) . 

he pattern off et provides direct cal
ibration of the horizontal sweep, 
measured in parts per million, by taking 
the difference of the two /::,F /F settings. 

Tuning by means of the coarse motor 
drive can be accomplished at any 
convenient speed. 

FILTER F0 = 5 MHz 
FILTER BW = 0.1 % 
SWEEP BW � 0.5 % 
SWEEP RATE= 0.5 % /s = 2!> kHz /s 

1003-30 

Figure 1 .  Successive-sweep technique as applied to calibra· 
tion of very narrow sweep ranges. 
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Figure 2. Engineer R. Altenbach adjusts auto-control model of GR 1003. 

Panel indicator lamps show the posi
tion of the weep limit relative to the 
instantaneous tuning position, in the 
normal tuning m de. Thi directional 
feature greatly simplifie the initial 
set-up procedures. 

Programmable tuning with a posi
tioning accuracy of 0.1 % automat
ically seek the programmed frequency 
at high speed. 

Operation on ac power from 50 to 
400 Hz (50 to 60 Hz for basic model). 

Cry taJ-controlled markers (birdies), 
generated within two models of the 
instrument, can be displayed in either 
sweep mode. he markers can be 
switched to spacings as clo e as 50 kHz. 

The basic sweep drive functions in 
a manner similar to lha t of the original 
design: with some additions. The 

The Honorable Society 

A recent notice from the National Academy of Engineer
ing announced the appointment of Dr. D. B. inclair as 
member of the Aeronautics and Space ngineering Board of 
the academy. Dr. Sinclair was elected to membership in the 
academy in 1965. Recognition for contributions made to the 
Institute of Electrical and lectronics Engineers as President 
also was accorded Dr. Sinclair in the form of a specially 
designed Past President's pin, awarded at the l EE annual 
banquet in ew York, March 25, 1969. 
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ARROWBA D SWE P VOLTAG • 
control mechani ally engages a separate 
sweep potentiometer that provides 
better resolution and higher sweep 
voltage. In the WlD BA D mode, the 
sweep voltage is derived from the analog 
output through an electrical centering 
circuit. his allows expan ion of the 
horizontal sweep display for optimum 
re elution, without restriction of the 
expansion by the oscilloscope centering 
control. 

A useful relation hip between 
m aximum permissible sweep rate 
(SRmax) and st epness of the selec
tivity characteristic to be measured is 
expressed: 

SRmax .'.'.::'. P (t:,.[6 dB)2' 

in which SRmax is expressed in Hz/ , 

l::,.f 6dB is the change in Hz for a 6-dB 
change in re ponse at the steepest part 
of the response slope, and p is a 
constant whose value is of the order of 
unity. 

As a practical example, consider a 
9-MHz cry tal filter with a 6-dB band
width of 2 kHz. This filter exhibit a 
maximum selectivity slop of approxi
mately JOO Hz/6 dB. Maximum sweep 
rate is calculated to be I 0 kH z/s or 0. 1 % 
at the 9-MHz center frequency. 

Engineering developm n t of this 
instrument wa by R. K .  Altenbach, 
Engineer, ignal enerator Group. 

Performance changes f or the n ew GR 1003 
are noted on the tear sheet included with this 
issue. 

IJbid. 

D. B. Sin clair 
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Notes on FM Distortion 

1n Varactor-Modulated Oscillators 

Con ider the basic resonant circuit shown in Figure I ,  with 
an inductance L, a fixed capacitance C0, and a voltage
controlled capacitor Cv. The variable Cv is often made up of 2 
varactors connected back to back to reduce rf distortion. 
However, this has no bearing on the modulation character
! tic. 

where C1 = capacitance at 1-V effective bia , i.e., 0.4 V 
applied bias in addition to the 0.6-V contact potential of a 
silicon device, and 

Because of the nonlinear varactor characteristic both 
modulation sen itivity and distortion terms are dependent on 
the operating bia V 0  and on the ratio p of the fixed C0 to the 
variable Cv. An analysis of this situation was made to 
compute the distortion term and to determine the most 
favorable operating conditions. The frequency-modulation 
characteristic is shown with exaggerated curvature in Figure 
2. The results are presented here and also in a graph (Figure 
3), showing only econd-order effects, namely carrier
frequency shifts and second-harmonic distortion of the 
desired frequency deviation. Third-Order effects are generally 
one or more orders of magnitude lower. 

The varactor is characterized by the relationship 

c, c, 
c = - = ---" vn (</> + E)n 

� + + 
L Co Cv 

01( '" I 

Figure 1 .  Schematic of basic resonant cir cu it. 

(I) 

V = effective bias voltage = ¢ + E 
</> = contact potential, typically 0.6 V for ilicon 
E = applied bias voltage 
n =coefficient of varactor law. 

Based on the resonant condition 

-1- = L (C + r) 2 0 '"\! w 

and the series expansion 

w" 
w=w +·t::,w + -- (/:::,w )2 o m 2(w')2 m 

w"' 
A 3 " 

+ -- ( uWm ) + . . . .  , 
6(w')3 

the following terms were derived: 

v, 

Figure 2. Frequency-modulation characteristic 
(exaggerated curvature). 
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(2) 

(3) 
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( l) Modulation Sensitivity 
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I
] 
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Co 
P • Cyo 
n • COEFf'ICIENT OF VARACTOR LAW 

K, •2nd HARMONIC DISTORTION 

6Fc •CARRIER SHIFT DUE TO MODULATION 

6Fm •PEAK-FREQUENCY DEVIATION 

F0 •CARRIER FREQUENCY BEFORE MODULATION 

Figure 3. Second-order distortion effects. 

50 100 
OSC.-f.w-l 

When a modulating voltage Em is applied uperimposed on 
an effective de bias V 0, the re ulting frequency deviation can 
be expressed in a normalized form by 

Obviously the largest modulation sensitivity occurs with the 
!owe t bias and when the varactor represents the only 
capacitance in the circuit. Because of unavoidable stray 
capacitances, this condition can never be quite reached. 

n 

2( l + p) 

where Af' m = peak frequency deviation 
F 0 =carrier frequency 

(4) 

p = the capacitance rafio at the operating point V0, 

10 

Co Co ,., 
=-=- V 

Cy C1 ° 0 

(2) Second-Harmonic Distortion 

The coefficient K 2 i the ratio of the second harmonic to 
the fundamental of the frequency deviation. When K2 is 
normalized to the fractional deviation Af' m/F 0, we get the 
relation 

Mm 
K1 =a: --Fo 

(5) 

The function a: is shown mathematically and in·graphic form 
in Figure 2 for various values of n and p. Distortion decreases 
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with larger n and with lower fixed capacitance C0. A 
hyper-abrupt junction-type varactor with n = 2 could make 
the distortion vanish in the absence of C0. 

With the more generally used varactors, for which n < 2, 
the inherent di tortion cannot be reduced below a minimum 
value. 

(3) Carrier Shift with Modulation 
The same factor K 2 also describes the carrier hift M' c in a 

normalized form 

(6) 

The relative shift in terms of the peak deviation i the same 
as the second-harmonic distortion. 

( 4) Third-Harmonic Distortion 
Generally third-order effects are one or two orders of 

magnitude lower than second-order term . For reference the 
term for the third-harmonic distortion is included here: 

with (j = 1 { (n + l) (n + 2) ( 1 + p)2 
6 n2 

[ n +I I J} - 3 -n- (1+p) - 2 

If lowest distortion is a main criterion, three conditions 
should be met simultaneously 

-use of high-n varactors 
-operation at lowest po ible bias 
-maintenance of the fixed capacitance C0 at a minimum. 

For I% distortion, the percentage frequency deviation is 
limited to (I /a)%, which i typically 1 % or less deviation. 

The second condition also correspond to operating with 
maximum modulation ensitivity. 

Uc;e of the Graph 

Let us take an example to illustrate the use of the graph. 
Assume an oscillator in the fm broadca t band 88 to 108 

MHz. Suppose we want frequency modulation with 7 5-kHz 
peak deviation and l % distortion or le s. How much fixed 
capacitance can we tolerate? 

The distortion is largest when the perce�tage deviation is 
largest, which occurs at the lowest carrier frequency (8 
MHz). There, 1 % distortion (K 2 = 0.0 I) make a = 0.01 x 
88/0.07 S = IL 7. For this value of a we can read from the 
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R. K. Altenbach is a graduate of the Technical 
University of Karlsruhe (Dip! I ngr. Electrical 
Engineering and Communications. 1948) 
who held technical positions with Siemens & 
Halske. Canadian Marconi. Hermes/Itek. and 
Raytheon. He joined General Radio in 1963 
and presently is an engineer in the Signal 

Generator Group. He is a member of IEEE 
and also served on EIA CommitteeTR14. 

graph a value of p = 7 .3 for an abrupt junction-type varactor, 
i.e., the fixed capactiance C0 should not exceed 7 .3 times the 
varactor capacitance Cv. 

p 

88MHz 75kHz 0.01 11.7 7.3 

Capacitance 

fixed variable total 

If the ame circuit were to be operated at the high end ( 1 08 
MHz) of the band, we could reduce L to 2/3 of the value at 88 
MHz and keep the same capacitances: p and a remain 
unchanged, and the distortion would be slightly reduced. 

M 0.075 K2 =----;-- a=IQ8 X l l.7=0.00812 or 0.81% 
Jc 

The carrier shift with modulation would also be l % or 0.81 % 
of the frequency deviation, i.e., 0.7 5 kHz at the low end, 0.6 1 
kHz at the high end. 

- R . K .  Altenbach 
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Signal-Generator Output Calibration 

Considerable confusion has been engendered over the 
years by the existence of two competing method of output 
voltage calibration for standard-signal generators, namely the 
emf or open-circuit or "volts behind" calibration and the 
matched output or "volts across" calibration. 

Unfortunately no system of output calibration can 
absolve the engineer or technician of the need to understand 
his measurement technique and the equivalent circuit to 
which the metered voltages apply. In principle, it is unimport
ant which way the generators are calibrated so Jong as the 
method is clearly indicated on the panel of the instrument. 
The basic elements of the situation are shown in Figure 1. 

The ource voltage Es is only available at the generator 
output terminals for a no-load or "open-circuit" condition. It 
can be shown that, for a lossless transmission line, the 1 ad 
voltage Lis related to the source voltage Es a follows: 

where Zs =source impedance 
Z0 =characteristic impedance of line 
ZL =load impedance 

13 =phase constant of line 
Q = length of line 

In general, either Zs, or Z 1,, or both, may be frequency 
d pendent complex quantities, so the calculation is not 
trivial. The situation is considerably simplified if the trans
mission line is omitted. Letting Q = 0, Equation (I) reduces 
to: 

(2 

In some ways more interesting is the observati n that, when 
Zs is chosen to be equal to Z0, Equation ( 1) again reduces to 

12 

ITT GJ 'V E5 )- - - - - - - - - - - - - --E EL ZL TRANSMISSION LINE CHARACTEA1sr1c ""'�EOANCE • z-0 
SC. C.EN 

Figure 1. Basic calibration elements. 

Equati n (2) except for an additional phase shift between Es 
and EL due to the presence of the line. Thus, for Zs =Z0, the 
magnitude of the open-circuit voltage at the output end of 
the tran mission line i the ame IEsl that would exist in the 
absence of any transmi ion line and is of course independent 
of line length. The result is that the magnitude of EL depends 
solely on Zl and not on some special conspiracy which may 
or may not provide a conjugate match with a complex Zs. 

For the special ca e of a purely resistive source Zs =Rs 

and ZL = Z0 = Rs we have a completely matched system 
who e equivalent circuit is shown in Figure 2a. The generator 
now delivers to the load the maximum power of which it is 
capable; this is called the available power, PA V· Defining 
ELM to be the Ioacl voltage under this matched condition, we 
have: 

(3) 

( 1 )  

(4) 

PA v is u ually measured in milliwatt , and generally calibra
ted in d cibels relative to a one-milliwatt reference (dBm). 
ELM is the value which is calibrated in the "volt across" 

ystem, whereas Es is the value calibrated in the emf or "vol ts 
behind" system. 

H c i B d 
The rivalry between calibration systems has historic roots 

in the meeting, in the vhf region, of an upward-bound 
low-frequency technology, which was for many years open
circuit-voltage oriented, and of a downward-moving micro
wave technology, which was ba ed on power measurement 
in clo ed transmission lines of we!J-controlled impedance. At 
one time, low-frequency receivers commonly had high
impedance inputs designed for direct connection to the end 
of a capacitive antenna or to a high impedance open-wire line. 
Early lower-frequency signal generators had output im
pedances which were typically le s than 10 ohms, so that 
their open-circuit output was also essentially the terminal 
voltage for receivers whose input impedance wa u ually 
many times higher. These older hf signal generators were 
generally calibrated in terms of their open-circuit output 
voltage, and their output-impedance pecification were 
often rather vague. On the other hand, the basic output 
calibration of even early microwave signal generators wa in 
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terms of available power, ex pre ed in d B m .  The o utput 

impedance characteristics were generally pecified even when 
t hey departed m arkedly from the ideal. These instrument 

al o carried vol tage scales, frequently o n  a matched-voltage 

basis ( Equa lion 3) for which t h e  conversion to available 

power by Equation 4 was obvious. Some microwave ge nera

tor. , such as t he G R  1 02 1 series, carried opcn-<:ircuit voltage 

scales and d B m  cales. I n  either event, available power was a 

reasonable basis for calibration of microwave receiver sensi

t ivity because im pedance matching to obtain optimum power 

transfer was facilitated by early stan dardization on a 5 0-oh m  

characteristic i m pedance for coaxial t ransmission l ine . 

t 
With t he passage of years ,  most lower-frequency,  open

wire, high-im peda nce inputs have given way to sh ielded 

coaxial c ircuits de igned around 5 0-oh m  or 7 5 -ohm i m ped

ance levels, and high-frequency ignal-generator o urce im

peda nces have been stan dardized at these same levels. At t he 

sam e  time, d B m  scale have beco me widely accepted on hf 

signal generat ors as well as o n  microwave instru ments. n

fortunately, there has never been atisfactory standardization 

of the method of output-voltage calibration ; ome hf and vhf 

signal generators are calibrated in terms of emf or open

circuit voltage, and t hers in terms of matched o utput 

voltage. The emf practice has remained p revalent in urope, 

w hile the matched-ou tput practice has been mo t o mmon 

on generators specified and procured by the U.S. Department 

a. 

c. 

E s  

RL • 500 

LOSSLESS 
T R A  .. S "4 1 S S I ON 
LINE, 20 • �0 n 
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JUNCT ION 

MATCHED 
JUNCTION 

, - - - - - - - , Rs •' 50 I I 

I 
L _ _ _ _ _ _ _  ..J 
6·dB PA D Zo• 50 n 

R5• 50n 
RL• 50 n  R 5 • 50 n  

MATCHED 
JUNC T I ON 

MATCHED 
JUNCTION 
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of Defense ; these pr cur ments have had a m ajor infl uence 
on calibration practices for commercial units as wel l .  

Since b o t h  types of signal-generator-voltage calibration 
have existed in the U.S . ,  the jargon of " hard" and "easy" 

m icrovolts h a  arisen am ong receiver designers. he term 

"hard" :nicrovolts applies to the sen itivity measured by a 

generator with open-circuit c alib ration . This is because good 

sensitivity implies a small number of microvolts, clearly more 

difficult  to achieve with t his t y pe of calibration. onverse ly, 

sen itivitics measured direc t ly without correction , by u e o f  a 

generator with match ed-output voltage calibration, became 

known as "easy " m icrovolts. Most receiver te t specifications 

require t he use of "hard" m icrovolt , and the test procedures 

for use with matched-output generators call for insertion of a 

6-d B  pad at t he generator output. he open-circuit voltage at 
the output of t he pad i EL M ( Figu re 2b),  equal to the 

calibrated output voltage o f  the matched generator ( Figure 

2c). hu the matched-out put ge nerator calibra tion can be 

read directly in ca es where o pe n-circuit value are desired.  

Dir ct reading of the d B m  scale of a matched ignal generator 

(without the extra 6-d B pad) gives a good measure of 

en itivity for modern communication and navigation receiv

er that are designed for u e with well-matc hed antenna and 

transmission lines. If t he receiver input S W R  is high so that i t  

fails t o  accept t h e  power available from the signal generator 

t he measured ensitivity suffers ju t as it would in  pract ice 

when driven from a well-matched antenna. ince t he d B m  

met hod o f  specification avoids t he p o  sible confusion of 

R s • 50 

E s 

b. 

, - - - - - - - -, 
I I 

' I 
L _ _ _ _ _ _ _  _J 
6 · d 8  PAO z.,.:so1 

Rs•50 RL•<O Rs• 5 0  
SIC CEH -:l 

Figure. 2 .  (a ) Basic transmission system relation ships; as mod i f ied 
( b) by i nsertion of 6 -dB pad and ( c) by addition of matching load. 
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OPEN - C I R C U I T  OR 
E M F  CAL I B RATION 

��· V 0 L l$ 4 d i "'  
OPf N C t R C U I T  A'VA•l ' 0 W ( R  I 

( a )  

MATC HED-VOLTAGE 
C A L l 8 RATION 

( b )  
SIG GEN ·S 

F igure 3. Old and new meter scales for G R  1003. 

"hard" versus "easy" microvolts, it should be encouraged. 
evertheless, many sensitivity specifications still call for 

vol tage calibrations, and one of  the two types is generally 
provided on standard-signal generators. 

For many years General Radio has upplied emf or 
open-circuit voltage calibrations. This is, in fact ,  the meas
ured quantity at the monitoring or leveling point in most hf 
and vhf signal generators. Sensitivity measurements made 
with these calibration correspond directly t o  the generally 
accepted "hard" microvolt type of specification. Calibration 
by use of open-circuit voltage is attractive for mea urements 
on networks because this voltage is the effective Thevenin 
source voltage, independent of the length of line used to 
connect the generator to the network . here is the added 
advantage t hat  t he calibration remains unchanged if the 
signal-generator out put impedance is increased from SO to 7 S 
ohms b y  the addition of a 2 5-ohm series resistor, but,  of 
course, t he dBm calibrations would no longer apply. In 
today's age of specialization, any given organization is usually 
clearly oriented to either a 50-ohm or to a 7 5-ohm ystem . 
The 7 5-ohm sy tern user prefers to buy a genera tor with 
consistent scale calibrations for his chosen impedance level. 
Thus, although for many applications open-circuit-voltage 
calibration appears logically attractive, increasingly wide
spread acceptance of matched-voltage calibration has led 
many of our customers to urge us to convert to the "volts
across" type of calibration . 

n � libra ·on 
The original mechanical design of the output-attenuator 

dial mechanism in the GR I 003 and l 026 generators made 
conversion from o ne calibration system to the other uneco
nomic . ew design features, however, have recently been 
introduced which allow us to change over quite readily. 
Current production of these two instruments now carries 

G. P. McCouch joined General Radio in 1957 , 
after working with the H arvard Radio 
Research Laboratory and Aircraft R adio 
Corporation. After receiving his AB in 
Physics from H a rvard in 1941, he returned as 
a teaching fellow in 1947-48, to work toward 
h is AM ( 1 948) .  Present I y he is Section Leader 
of the RF Oscillator Section . He is a senior 
member of I EE E  and has held several  off i ces 
in I EEE. 

matched output or "volts-across-50-o h ms" calibration ; the 
older emf calibration is only available on special order. The 
dBm scales are, of course, unchanged.  The meter cales are 
clearly marked to ide nt i fy the new calibration and instruct 
the user to m ul hply by 2 for open-circuit volts. Alternatively, 
the user can add a 6-dB pad such as the GR 8 74-G6 L to the 
out put of the generator, thereby reducing its output by 2: l ,  
so that the meter reads open-circuit voltage directly. The old 
and new meter scales for the GR I 003 Standard-Signal 
Generator are shown in Figure 3 .  

- G .  P .  McCouch 
For F u rther I nformation 
Peterson, A. P .  G .. " O utput Systems of S ignal Generators ," General 

Radio Experimenter, June 1946. 
Moore, W. C., "Signal Generator and Receiver I mpedance," Boonton 

R adio, Corp. The Notebook , No. 3, Fal  1 1 954. 
Woods, D.,  "The Concept of Equ ivalent Source E M F  and Equivalent 

Power in S i gnal  Generator Cal ibration, "Proceedings of the Institu
tion of Electrical Engineers , Part B, Paper 335 6 M ,  January 196 1. 

Recent Techn ica l  Artic les by GR Personn e l  
"Computer-Controlled On-Line T esting and I n  pection," P. 

H. Goebel, 1 9 6 9  Wescon Techn (cal Papers - Session 8. * 

"True R M S  - The D igital Approach," J .A .  Lapointe, pre
sented at t he 77th  Meeting of the ociety of A merica, April 
1 969 . * *  

1 4  

"Versatile High-Speed One-Third Octave Band Analyzer," W .  

R .  Kundert, pre ented a t  the 7 7 th Meeting of  t h e  Acoustical 
Society of A merica, Apri l  1 969.  * *  

'" Re prints available fr om General Radio. 

* * I nc l u ded in article "New-Generation Acous tical A na l yze r, " 
GR Experimenter, M ay/J une I 969. 
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Damp ing Mea surements of 'Resonance Bars 

Researchers at otre Dame University have approached 
the study of material damping capacity from the beginning, 
rather than the end. One of the most common procedures for 
measuring the internal friction of material is the resonance
bar technique, wherein a sample of the material to be studied 
i cut to the proper dimensions for resonance at some desired 
frequency in some specific mode of vibration. D amping is 
determined either with the pecimen at resonance or in free 
decay from resonance. D r. . F. Fiore and R .  M. B rach of 

otre Dame have succe sfully developed a third variation of 
the technique in which the damping is determined by the 
relaxation time (10) ,  cha racterizing the rate at which the 
ystem builds-up to steady-state re onance vibration. 

A di advantage of both the teady-state and free-decay 
mea urement approaches i the necessity to bring the mater
ial ample to tcady- tate re onance before the damping can 
be determined. In tltis circumstance, rapid physical changes 
can be taking place witltin the ample and be lost to the 
observer, because of the comparatively long time required to 
reach resonance and to begin serious observations. The 
approach described here permits the researcher to measure 
the damping decrement in thousandths of a second while the 
material sample is vibrated from rest to steady-state reso
nance. 

The time taken by the vibrations of a pecirnen, under 
teady- tate re onance conditions, to decay to e- 1 of it 

maximum or teady- tate amplitude after removal of the 
driving force , is de ignated as Td . The damping decrement 5 

calculated from the relationship 

in which fr is the resonance frequen y in hertz. 
Conversely, the time (Tb) for the amplitude of the driven 

system to reach I - e- l of its steady- late value is approxi-

GR 1 1 62-A7C 

FREQUENCY 

SYNTHESIZER 
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GR l3968 

TONE-BURST 

G E N E R ATOR 

DRIVE 
CRYSTAL 

mately equal to ; d· From this relationship the damping 
decrement can be redefined as 

giving a faster and much simpler determination at the first 
stages of vibration at a time when the sample has been least 
affected by the driving force. 

At steady- tate condition, the decrement can be defined as 

in which fr is the resonance frequency and f1 and h are the 
frequencies at which the magnitude of vibration i 0 . 707 that 
at re onance. 

The i otre Dame researchers first derived the mathemat
ical relation hip between the two methods as described in 
the Journal of the A coustical Society of A merica, 1 and then 
confirmed their calculations in a series of resonant-bar 
experiment . They used a Marx composite piezoelectric 
oscillator in which the input to the system is directly 
proportional to the input voltage across the driving tran -
ducer and the decrement is inversely p roportional to the 
output voltage aero a gaging transducer. 

The circuit ( Figure 1) used by Dr. Fiore and Brach 
employs two GR in lruments, the GR 116 2-A 7 Coherent 
Decade F requency Synthesizer and the G R  1 396 -B Tone
BurSt Generator. The ynthe izer generates a resonant fre
quency, at a controlled voltage which feeds the tone-burst 
generator. The generator puts out a controlled pul e that 

I Fiore, . F. a:id Brac h ,  R. M., " R eson ance-Bar Damping Measu re
m e n ts by t he Rtsonance Bu il d- u p T e c h niquc, " Jo umal of r he A cous
tical Society of A merica (in press). 

Figure 1. Block/schematic diagram 
of test equipment for 

resonance-bars experiments. 
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energizes t he driver c rystal ; the vibrational magnitude in
crease from zero to the steady-state value. Re onance 
b uildup is monitored on a storage oscilloscope, which dis
plays t he gage crystal output.  

The method described above is unique in that it allows one 
to have his cake and to eat it too. As long as the pul e duration 
exceeds r b• the decrement can be determined directly from 
the relaxation time. When t he pul e e nds, the sample-rod 
driving force is zero ;  the vibrations and the gage- ignal output 
decay to zero. From the oscilloscope display it  is possible to 
obtain as many as three measurements of the decrement li .  
During the time from rest t o  steady state a t  resonance, the 
decrement is defined by t he build-up relation time 'b· At 
steady state, o is inversely proportional to the steady state 
am plitude. During t he time from steady state to re t, li is 
d efined by ; d· If high-speed measure me nts are re qu ired, the 
pul e duration can be made less than ;d ; t hen Tb can be 
derived by fit ting an expotential curve to the approach 
envelope as displayed on the o cilloscope. 

Figure 2 hows t he oscilloscope t race for the quartz 
crystals alone, when driven by a 0.3-second burst in the 
longitudinal mode, at SO k H z, and with constant applied 

Table 1 

I �s I Td li li 0 
Condition ms B u i ldup Free Decay Steady State 

Marx Oscil lator 44 

I 
49 4.4 x 1 04 1 3.9 x 1 04 3.6 x 1 04 

Marx plus 
2.4 2 . 5  8 . 1  x 1 0·3 7.9 x 1 0·3 8.4 x 1 0·3 Cu Cr stal y 

voltage of I .8 V rms. Values for charac teristic times taken 
directly from t he figure, give ;b = 44 ms and T d = 49 ms. 
Values of the decrement as calculated for the three variation 
of t he re onance-bar measurement technique are shown in 
Table I .  

Figure 3 shows the change in response brought about by 
mounting an annealed ( 1 1 1 ) copper single crystal upon the 
drive crystal and maintaining the applied voltage at 1 . 8  V rm . 

1 6  

F igure 2. Osci l loscope picture of 
quartz-crystal response to 50-kHz burst (0.3 s) 

in longitudinal mode. 

Dr. N. F. F iore ( left) is Associate Professor 
and Chairman, Department of Metal Engi
neering and Materials Science, University of 
Notre Dame. He is a graduate of Carnegie 
I nstitute of Technol ogy and holds degrees of 
BS, MS and PhD in Metal l urgical Engi neering. 

Dr. R. M. Brach ( right) is Associate Professor,  
Department of Aerospace and Mechanical 
Engineering, U n iversity of Not re Dame. He 
holds degrees of BS and MS from the I l l inois 
l rotitute of Technology and received h is PhD 
in  E ngineering Mechanics from the University 
of Wisconsin .  

The Large increase in  damping cau es rapid attainment of 
steady- tate resonance and rapid decay to zero after comple
tion of the tone burst.  Calculated values for the decrement , 
derived by t he three variation in techniq ue, are shown in 

able I .  

II II �·� =-··-� 

R 
; 

II �. I 
I 

Figure 3. Change in response of quartz crystal 
by addition of annealed copper single crystal. 
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R eports from the F ie ld 

F R O M  T H E  F A R  N O R T H  

The Kongsfjord Telemetry Station i n  Spitzbergen, Nor
way operates as an observation and data-collection point for 
the European Space Research Organization ( SRO) in addi
t ion to handling its routine tasks for the orwegian govern
ment. Engineer Bjorn Myrstad reports that the GR l l 63-A4 
Coherent Decade Frequency Synthe izer is an integral part of 
the station's system. It supplies 1 00-kHz signals for modula
tion of a test generator and controls three other signals - the 
telemetry transmitter's second and first local-oscillator fre
quencies and a test-generator operating frequency . 

SRO is geared for an extensive satellite launch program. 
Six satellites are scheduled for launch in the next six years, to 
participate in scientific experiments including cosmic-ray 
studies. The la t satellite is scheduled for launch into a 
stationary orbit and will contain ten experiments controlled 
by several European countries. 

The photograph contributed by Mr. Myrstad shows the 
GR synthe izer, upper right, part of the station's ystem 
supplied by the Sud Aviation ompany. 

Complete conversion of the G R  1 3 1 0-B Oscillator to 

solid-state circuitry has not altered the outer appearance of 

this familiar oscillator. I t  has, however, enabled GR to lower 

the price, making the instrument even more attractive to 

users. 

Specifications for the G R  1 3 1 0-B are the same as for the 

GR 1 3 1 0-A in GR catalog T, except for accuracy ( ±  3% of 

setting) and price. 

SEPTEMBER/OCTOBER 1 969 

Catalog 
Number 

1 31 0-9702 

1 560-9695 

0480-9838 

Description 
Price 

in USA 

1310-B Oscillator (Specify  1 1 5-, 220-, $275.00 
or 230-V line operation) 

1560-P95 Adaptor Cable 
480-P308 Rack-Adaptor Set 

All prices subject to quantity discount. 

3.00 

1 0.00 
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WEST CONCORD,  MASSACHUSETTS 01 78 1 ,  USA 
A R GENTINE ond PARAGUAY HONG KONG end MACAU 
Co.sin S. A. Gilman & Co., Ltd. 
Buenos Aires Hong Kong, B.C.C. 

AUSTRALIA 
Wiir'burton Fr•nkl lndv.$triu 

Pty . Ltd 
Sydney. Melbou rne, 
8ri51>ene, Ad•lal.de 

BRAZIL 
Ambrlex S. A. 
Alo d• Janeiro G B  
Sio P•ulo, S P .  

CANADA -
• Generet Radio Cana� Lim ited 

Toronto, 
Montr.eat, Ottawa 

C H I L E  
CoHin Chit• Ltda 
SantlelJO 

COLOMBIA 
Menuel Trujillo 

V•� t HiJO, L1d-t 
90QOUI 2. 0. E. 

DEMOCRATIC REPUBLIC 
OF THE CONGO 
Rudoloh -Onco Co., ln.e. 
New York 

INDIA 
Motw•n• Private Limited 
Bomb.av, �alcun•. Lucknow, 
Kanpur, New Delhi, 
SanQ.llore, Madr•' 
JAPAN 
Mldor•v• E lecrrk Co .. l.1d 
Tokyo 

KOREA 
M-C lntorn•tlonel 
S•n F r&rlcisco. 
Seoul 

MALAYSIA 

MEXICO 
Elactronia Fredin S.A. 
M8lltico. 10 0. F. 
NEW ZEALANO 
W & K. McLean Limited Auckle'4d 
PAKISTAN P"k land Corpor•tl on K•r.chl 

PHI LI PPINES 
T. J. WoUf & Company 
M•k•tl, Rizal 
REPUBLIC OF SOUTH 
AFRICA 
G .  H. L•noter & C o . ,  Ltd 
Joh•nnftbu,-g 

SINGAPORE 
V•n�ard Company 
Slngepore 

TAIWAN 
Heighten Trading Co., Ltd. 
Tolp•I 

THAILAND 
G Simon Radio company 

Ltd. 
Bongkok 

TURKEY 
Me\lag Englrieerlng, Trading 

and l ndtJUrial Corporation 
Istanbul 

URUGUAY 

Co"'" Url.iiJV•Va s. A. 

Montevideo 

VENEZUELA 
Coasln C. A. 
Caraca.s 

*GENERAL RADIO COMPANY (OVERSEAS) 

HelenaUr8sse 3, CH 8034, ZUr1ch 34, Switz.er! nd 

AUSTRIA 
Olpl,  Ing. P•ter March•ttl 
Wion 

BELGIUM 
Groenpol Belglqu• S. A 
BruJCelles 

DENMARK 
SEMCO Semler & Co 
Kebenhave.n 0 
E I R E  
Gener•I R•dlo Comp•nv 

(Oversees) 
General Radio Company 

( U K.) Umit•d 

F I N  LANO 
lnto O/Y 
Ht!!ls1nkl 

FRANCE 
G•n•r&I R•dio F rance 
Pans, Lvon 

GERMANY 
Gen•ral Radio GmbH 
Miinchen 
Norddeuuche V enretu ng 
Or In� NUuleln 
Wedel 

G R EECE 
Marlos Dalle9910 
A then� 

ISRAEL 
Easuonles Ltd. 
Tel Aviv 

ITALY 
General �adlo !tall• S.p.A. 
Miiano 

NETHER LANDS 
Gr<>enpo1 Groep Verltoop 
A.m�terdam 

NORWAY 
Gvs:tav A. Ring A/S 
0.lo 

PORTUGAL and SPAIN 
G•n•r•I R•dlo Company tOven.eas) 
SWED E N  
F irm.� Johan Ugsrc:r•ntz K B  
Solna 

SWITZERLAND 
Seyffer & Co A.G 
ZUrlch 

UNITED KINGDOM 
• General Radio Company 

tU.K.) Limited 
Bourne End, 

Bvck lngham1h1re 

YUGOSLAVIA 
Sanford de Bn.m 
Wien. 6s.1e,,-e1ct. 

PERU 
lmpon&ciones V 

Repres•nni<:iones 
EIOC-lronlcn S A 

Lim• 
• Repair services are available at these offices. 

GENERAL RADIO 

WEST C O N C O R D, M ASSAC H U S E T TS 01 7 8 1  

Do w e  have y o u r  correct n a m e  and add ress- name, 

compa n y  o r  orga n i zati o n ,  department, street o r  P . 0 .  
b o x ,  city . state, a n d  z i p  code? I f  n ot, p lease c l ip the 

address l abel o n  this issue and retu rn it"  to us with cor
rections or, if you prefer, write us; a postcard w i l l  do.  

www.americanradiohistory.com

www.americanradiohistory.com

