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rr.. COWl StrOboscoPIC loght'l\II end photography •• wonderfullv .lfftt, .... 1001, In 
he ,all 01 mtt;twnoc .. 1 '1Ot.on analy, ... Too often, however, thll appliCIII,on .sot.cured 
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,us 1001 "equ-ally .... r&d to Itudoeos of meehllnbl and h., Tlan 

I t was my pleasure to spend the las t tWO 
weeks of Augus t In O ttawa as Scientific 
Edi tor fOf Commission I . I ntern<u lOfl(11 Sclen 
tl f ic Rad io Union ~URS I ) , during the XV lth 
General Assemblv of URSI. The assembly 
meets to rel/iew the devetopments that have 
la"en place intern,lIlonailv du ring the past 
three years In the many fields 01 radioscience 
and 10 explore the a r6ilS 01 research and 
development urgen tly required duriog the 
efl$uin.g three- year periexl. 

There is. however, a more lundamemal 
purpose behind the meetings. The assemblv 
presents an opportuni ly IOf repfesemati1/85 
01 the Nllional acIIdemia:s and scienti'ic 
bodies not only to eKchange ideas in the 
technical fields and to prOYide for arrange 
menu to coordina" eKperiments but also to 
meet as perwns, The 1III Ier perhaps is lhe one 
mos l imporll'lfl( laC!Of in the success of these 
meelings !Of' It remollOS, lor a short t ime at 
least, the peliliell l and geographical bound 
aries th<o t separate na lions. 

From t he international pool of technical 
Information that flowed from the numerous 
tOChnical reporters, the risi'ng inf luence of the 
computer as a lIital part of t he moosurement 
system was qui te apParent. This influenc:e 
became e\<!;l n more apparent d uring sessions 
thin irwolwd othOfcommissions,who loolt to 
Commission I IOf help in linking ins trumen!s. 
people. and computers inl O a coordinalod 
fTlI!8Surement unit 

Unquestionably. the compleKity of our 
e-.t! r-ill<panding techoology requires II more 
rapid adaptation to change. T here!Ofe the 
in lerests and C()fll;ern o f Commission I ,and of 
all other actillities concerned with measure 
ments and standards, must tu rn inwitably to 
techoological innovation - 10lhecooplingol 
man. Hlstrument. and lhe computer to rl\;:lCh 
the goal 01 purposeful measurement research. 
from which come new and Irnpro...eci po-od 
uCIS and services 

The three'v",r period 10 lhe neKt Genoral 
AsselTbly 01 URSl in 1972 wi ll be an eJ!ciling 
l ime during which the da ta monster the 
computer - will be lamed and managed 10 
perform more meaningful and accurate 
measurements fa thef th<onlode' uge man wi th 
reams of meosurement data 01 ques lionllble 

value. 

= 
C. E , Whi te 

Edito r 
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GR 1540StrobolumeWllh lamp head..,d Ihree available oon lrol units, 

Detailed Viewing In Ambient Brightness 

~ 'TIQ ALVSI' eN lOt 

The comblOallon of a s troboscopIC light and relal1vely 
lOexpensive closed circUIt television equipment is an exciling 
and powerful new analysIs toollh31 combines aspecls ofbolh 
visual and pholographic viewing, Wilh currently available Iv 
equipme nt , there arc no slrobe interconneclion or syn
chrOOlzallon problems. 1 hese tv systems e mploy vidicon 
camera tubes. The vid icon "sees" and Slores Ihe pulsed image 
in a manner analogous 10 Ihe human eye. The image is 
converted to a video Signal (electrontc) by a sca nning beam 
that can be either played back Immed iately on a monllor o r 
Siored on magnetic tape by a video tape recorder. Suitable 
Video systems (came ra, VTR, mom lor) today are available for 
as I ittle as S I ,500. The Vidicon IS quite sensit ive and performs 
well under vaned light condllions. 

With IV Ihe operator can be at a location remOle fr o m Ihe 
subject, camera, and slrobe, which is of value 10 hazardous 
expenments such as observlOg ratn erosion o n Ihe leading 
edges of rapidly rolallO& helicoptor blades. The low cost of 
video tape and Its long playing time, typically 30 to 60 
minutes, make It pracllcal to record entire tests such as 
momtoring development progress tn a vlbration·reduction 
program. These recordlllg5 may be rerun and reexamined as 
often as desired long afler the tesl equipment has been tom 
down or Ihe tested device has bee n tnodified . Quite obvious· 
ly, such records may contain much more useful information 
than written notes. An additional feature of video taping is 
the availa bili ty of one or two audio channels for data logging. 
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Beca use the vidicon can store the pulsed images be tween 
Oashes, this system makes It practical to extend stroboscopic 
visual analysis to machtnes moving so slowly that the eye 
woutd 01 herwise be subject to severe " nicker effec t. ·· 

Perhaps the most exctltng aspect of video storage is the 
"instant" and "stngle frame·by·frame" playback ca pab ilit y 
of the video tape that , unl ike moYie film, docs no t have to be 
sent out to be processed. This gives the operat or such 
Oexibilit y that the sy~tem can be used for troubleshooti ng 
machine malfunctions in realtime or reduc ing the setup time 
of complicated machines. 

With a shgh tly more sophisticated system, such as two 
cameras and two strobe lights, a spltl-screen technique can be 
used to view widely separated machtne functions or opera
lions with respect to each other, tn exaCI timesynchromsm' 
Film becomes useless when the records have no further 
histortcal value; the tape may be erased and re-used, 

VISUAL MQTlm 

The new GR 1540 Strobolume electronic stroboscope IS 
ideally suited as a supplement to visual analysis of almost any 
form of mOtIon, repet lt1ve or non·repetltive , It can be used as 
a cont inuously adjustable Oashtng source over a range from 
30 to 25,000 nashes per minute or for no-contaci speed 
measurements to 250,000 rpm With a manual oscillator 
adjustment , the nashing range can be sel to be at o r near 
sy nchronism With a cyc lically movtng object, to give a visual 
image of slopped or slow motion. 
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Figure 1. Motion analysis WiTh a I!lucamera. 
Pictur. sequence is • permlnent ~ord of 
viwel observations rnadt to dltect mis· 
behavior of follower in contKt with cam 
rotating at 3000 rpm. Th. technique com
bines ~nchroniled nash plus continuous ad
vancemenT of the uml'-deLty control, to pro
docea hl9h speed "Rill movla_" 

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 featureisthat, by 
the flip of I 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 nash rate follows any deviations in the spt:ed of the 
moving object to pi"oduce a stationary visual image, thus 
eliminating the need for manual tracking of the oscillator 
dial. In addition, any point in the motion of the object can be 
examined if each flash occurs some time later than the 
corrcspondi ng 5y nchronizing 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 nashing 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. Assume 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. as m 
Figure la, at the instant a photoelectric pickoff has sensed 
the Ii&hl renection from a piece of renective tape mounted on 
the cam hub. Figure I bshows 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 is 
added, Figures Ie through If, the cam can be seen 10 all 
phases of its motion Thus. valuable phase information can be 
obtained about a moving ObJect's behavior 

PHOTO·INSTRUMENT nON 

In many studies, recording reqUirements can be met only 
using film as the storage or reference medium. The preceding 
technique can be used to take high-speed single-nash photo
graphs with conventional cameras. With almost any conven
tional still camera connected to the X-sync-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-speed "still movie" record of fast 
repetitive events,similar to that shown 10 Figure I. 

The GR 1540 also has a built-m provision for keying the 
oscillator manually or With camera contacts to take multi
nash or "nash-burst" 'photo&raphs of relatively slow events . 

Moving-film recording In high-speed photo
instrumentation has chieny involvcd the use of high-speed 
movie cameras such as Ihe Hycam"'. with framing rates in the 
hundreds- or thousands-per-second range. Although the 
cameras are equipped with internal shutters to pulse the 
image to the ftlm, a strobe light source such as the GR 1540 is 
often required to produce images of greater clarity and 
freedom hom 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 

. Ihd L.ke Labs, Inc., Kifer Indullrial hrk, Santi a.r •. California 
95051 
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much, and whether It IS stretch or shnnkage, and can make 
any required paper-roll tensioning adjustments, 

The hIgh light-output l('vels from the GR 1540 not only 
make strObosCOPIC viewmg practical under normal ambIent 
light conditions but permit "see-through" inspection of 
many paper stocks when both sides are printed and front-to
back reg,tstratlon must be main tamed 

rhere :ue many other troubles that are monitored strobo
scopIcally 10 printing operations: color register, location and 
quality of perforations. punched and die-cut holes, quality 
of over-all printing. Too "mushy" an impression would 10-

dlcate perhaps too light 11 pressure or possible trouble in 
the mking fountains. A blooming or compressing effect at 
the ends of pnnted lines would Indicate paper misalign
ment. H1Ckit's would mdlcate water spotting, and dot break 
up in half-tone areas would indicate printing cylinder 
wear, We are sure that the printer for the lixperimenter is 
nollng these points as the presses roll' 

TE IN I .AL 0 " OUT HEGR 150 

The deSire ror illumination levels well above those of the 
GR 1531 StrobotaC® electronic stroboscope has resulted in 
unique design solutions. A photographer generally requires 
the highest possible light pu /loth, which is proportional to 
the energy In Joules or watt-seconds discharged through the 
lamp. Vi!uul intensity, on the other hand, is approximately 
equal to the lamp input energy per flash multiplied by the 
rate at which the lamp nashes. 

To satisfy both applications requires a high order of heat 
disstpation from the SHobe lamp. The Xenon-filled lamp 
supplied with the $trobolume is an efficient converter of 
electrical energy to light and is protected from overheating by 
an ('Iectronic governor that prevents driving the lamp at rates 
in excess of the maximum 3.l10wable for the corresponding 
intensity settIngs. In addition, the quartz envelope of the 
lamp IS forced-air cooled to withstand safely the high locally 
developed temperatur('s, thus permittlllg con tllluous opera
tion at any flash rate up to 25,000 p('r minute. 

The spectral output of a quarlz-envelope Xenon lamp 
extends from the near ultraviolet, through the visIble, and 
11110 the neat Infrared light regions. The GR 1540 is thus an 
excellent source of pulsed ultraviolet and in frared light when 
these normally invisibl(' wav('!engths are required, such as for 
detecting Ouorescent ink registration marks on printing 
presses. A plastic faceplate normally covers thc reflector and 
absorbs the ultraviolet light, to prevent possible eye irritation 
from prolonged exposure. 

r IEP FE TURES 

There are s('vetlli new features 111 the GR Strobolume to 
extend its nexibiltty to both ('xpenmenters and photo
graphers. 
• Mechanical adjustment of the lamp-renectorcombination 
produces eith('r a narrow or broap hght beam for such diverse 
projects as viewing the wide web of an operating pnnting 
press by means of a narrow, honzontal beam or photo
graphmg a large moving 5ub)('ct by means of the normal 
rectangular beam pattern. 

6 

t 
C, E. Millet was graduated from YaleUniver 
sity in 1960 With II B Eng. degroo and 
received his MS degree from MlJU!lChusetu 
Instilute 01 Technology in 1966. He joined 
Genertli Radio in 1960 end is an engineel In 
the Component and Network TeJtlngGroup 
He is II member of IEEE. AOA. ATI. SPSE, 
and holds iI ootent IOf II C0n5l8nt offset 
frequentY1ll'net"3ting device 10 produce 
Slow·molion imagEl5. 

• Light output 15 approxImately twenty t1ml'S greater than 
that of the familiar GR 1531 Strobotae under contmuOl'S 
operatlOg condit ions , It may bc IIIcreased, at lower nash 
rales, by uSing a booster capacitor 

• Thr('e control units prcsently are available to sausfy a wide 
variety o f applicatIOns. Their modular construcllon permitS 
operating nexibility and provides features requIred for a 
particular application at minimum cost ,equally important. It 
permits future expansIon as needs dictate. 

FURTHER HELP TO E>C PI IIM[NTERS 

Most applications for strobe light fall. very broadly, 1OtO 
three categories speed mea~urement. motion analysis. and 
photography. Only J few specific cases have bl!cn covered 
here, but a comprehensi\'e coverage is con tained In two GR 
publica lIons: 

Handbook o/Hlgh·Spud Photograplry(5 1.00 U.S.) 
Halldbook 0/ StrobOSCOIJ)' (52.00 U.S.) 

Readers will find both books to b(' of greal value 10 their 
respectIve fitlds. In addItion. a free subscription to a GR 
period ical, Strobotactlcs. is available upon request ThIS 
publicatIon contains descriptions of new and interesling 
applications, as w('1t as other IOformation of int('rest to users 
of stroboscopic e<lulpment C. E. MIller 

Comptete spee.licel101lS fO!" Ihe GR 1540 ate ..... ilable on the 
C8lalog page, included as • liar ,heel ,m>de Ihe back ~ of th., 
iuue. remov.ole for ,"se~tion In GR Calalog T 
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A STANDARD-SIGNAL GENERATOR 

IMPROVES ITS VERSATILITY 

Most standard-signal generators do 
nol provide adequate sweep capabil
Ities. On the other hand , sweep-signaJ 
generators Jack both short- and long
term stability in the cw mode and are 
therefore of little value in critical 
poinl-by-poi nt tests. To meet the in
creasingly stringe nt requirements for 
both sweep and point·by-pcinl testing 
of high-frequency networks up to 80 
MH z, General Radio has made available 
several new models of the well
established GR 1003 Standard-Signal 
Generator t 

Redesign of the 3ul0-<:00lro i model 
of the GR 1003 includes a permanenl
magnet dc-molor drive with. electronic 
speed control and a secund horilQnlai· 
sweep output voltage at tugh Ic\'cl 
(I V/ltJM to facilUate the display of 
narrow-band frequency sweeps. The 
original rf cirCUit design remains intact, 
with Its high (I ppm/IO min) carrier
frequency stablHty and with no need 
for fI rcstabilillltion penod foUowing 
mnge changes. 

The carrier-level-meter voltage scales 
are now calibrat ed in terms of voltage 
across a mutched 50-ohm termination. 
This conforms to the current trend, 
descnbed in this issue of the EXper
/lIIl'fI/U, page 12; earlier models were 
cahbutcd in "volts behind" the 50-
source resistance. If desired, "volts 
behind" can be obtained by multiplying 
the meter readings by 2. 

The GR 1003 IS an excelle nt 
Instrument for measurement of very 
selectl\'e high-( requency net works by 
either sweep or poinl-by-poinl tech
niques. The sJow-speed sweep, in con
Junct Ion wit h a storage oscllIO!ICope dIS
play. IS useful for measurement of 
pass-band characteristics. Two models 
include an internal cryslal calibr1l lor 

I Allenbath , It .• "The 100) Standard-Signal 
GenerltOf," GR Ex~mmmttr. Jul),·Aulust 
1967. 
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that provides frequency markers at 1 
MHz, 200 kHz , and 50 klb for 
accumtely defimng specific pOlOlS of a 
display. The high-output capabihty is 
free of spurious non-harmonic signals. 
A highly stable cw signal IS available for 
frequency measurements, at specific 
values of attcnuation. on steep slopes of 
response curves. Repeatability of Ihe 
frequency·dial setllng is assured by 
the typical low-frequency drift rate 
(I ppm/IO min. residual fm < J liz) . 
An auxiliary rf output jack on the GR 
1003 provides a conveOient monitor 
point for a frequency counter, such as 
the GR 1191 or 1192. 

Capabilities anti fealures of the new 
auto-<:ontrol model genemtOI include: 

Operation between two front
panel-controlied limits. at continuous
ly-adjustable mtes, from l::¥/frangf..'5 of 
0.05%/5 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 futl octave. 
provide good tr:lnsitions to the elec
tronic sweep limits. 

Availability of large sweep voltages, 
even with narrow sweeps. 

DISPLACEMENT 
1000 PPM • Ii ~H' 

Direct correlation 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 resolution for wide 
sweeps. Sweep end points can be de
termined directly from the corres
ponding main frequency-diul readings. 

• Voltage versus frequency is essen
tially linear in narrow-band ($ 4% 
sweep Width) frequency applications, 
permitting linear interpolation between 
Ihe C!itablished limits. (Display devices 
usually have horizontal·axis calibra
tions in volts per gralicuJe division, 
thereby permitting direct convenion of 
Ihe generator's I V/ I%A! change into 
hertz.) 

Very narrow sweep widths can be 
accurately calibrated by use of two 
dlfferenl settings of the calibr,lled 6.F IF 
control on successive sweeps (Figure I). 
The pattern offset provides direct cal
ibration of the horizontal sweep, 
measured in parts per million, by taking 
the difference of the two 6.F / F settings. 

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

FILTER Fo • Ii .. HI 

FILTER8W_OI% 

SWEEP 8'11' = 0 Ii '" 

SWEEP RATE. 0 Ii '" II • 211 ~HII. 

, ... " 
Figure 1. Suceeul .... -sweep technique III applied 10 calibra· 

tion of very narrowsweep r&rlges. 
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Figure 2. El"IginNr R. Altenblch -'jU$ts IlU to-controt model of GR 1003. 

Panel indicalOr lamps show the posi
tIOn of the sweep hmit relatIve to the 
inslanlaneous Ilining position, in the 
normal tuning mode. This directional 
fe<llllTe greatly sImplifies the initial 
set-up procedures. 

• Operation on ac power from 50 to 
400 Hz (50 to 60 117 for basic model). 

• Crystal-controlled markers ( birdies). 
generated within two models of the 
instrument, can be displayed in either 
swecp mode. The ma rkers can be 
switched to spacings as close as 50 kHz . • Programmable tumng with a posi

tioning accuracy of 0.1 % automat
ically seeks the programmed frequency 
at high speed. 

The basic sweep drive function~ in 
a manner similar to that o f the original 
design~ with some addItions. The 

• 

The Honorable Society 

A reccnt notIce from the National Academy of Engineer
mg announced the appointment of Dr. D. B. Sinclair as 
member of the Aeronautics and Space Engineering Board of 
the academy. Dr. Sinclair was elected to membership in the 
academy in 1965. Recognition for contributions made to t he 
Institute of Electrical and Electronics Engineers as President 
also was accorded Dr. Sinclair III the form of a specially 
designed Past President's pin, awarded at the I EEE annual 
banquet in New York, March 25, 1969. 

NA RROWB AN D SWEEP VOLTAGE 
cont rol mechan ically engages a separate 
sweep potentiometer that provides 
beller resolution and higher swee p 
Vol tage. In t he WIDEBAN D mode, the 
sweep voltage is de rived from the analog 
out put through an electrical cen tering 
circuit. This aUows expansion of the 
ho rizonta l sweep display for optimum 
resolution, wit hout res triction of the 
ex pansion by the osciJ loscopecentering 
control. 

A useful relatIOnship between 
maxImum permissible sweep rate 
(SR m " ... ) and steepness of the selec
tIvity characteristic to be measured is 
expressed. 

In which SR mIJX is expressed Ln IIz/s, 
6/6dIJ is the change Ifl Hz for a 6-d B 
change in response at the steepest part 
of the response slope, and p is a 
constant whose value is of the order of 
umty. 

As a practical example, consider a 
9-M Hz cryslal filter with a 6-dB band
width of :! kHz. This filter exhibits a 
maxllnum selectivity slope of approx i
mately 100 IIz/6 dB. Maximum sweep 
rate is calculated to be 10 kll z/sorO. I ~ 
at t he 9-M l iz center frequency. 

Engineering development of this 
Ifls t rument was by R. K. Altenbach, 
Engineer, Signal Generator Group. 

Performance c!\anges lor the n_ GR 1003 
are noted on the tear sheet inducledwith th IS 
iuue. 
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Notes on FM Distortion 
In Varactor-Modulated Oscillators 

Considerthe basic resonant circuit shown in Figure I, with 
an inductance L, a fixed capacitance Co, and a voltage
controlled capaci lorC~ . The variable C" is often made upof2 
varaclors connected back to back 10 reduce rf distortion. 
However. this has no bearing on the modulation character
Istic. 

where C I "" capacitance at I-V erfective bias , 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 varaeter characteristic both 
modulation sensitivity and distortion terms arc dependent on 
the operating bias Va and on the ratiop of the fixed Co to the 
variable C". An analysis of this si tuation was made to 
compute the distortion terms and to determine the most 
favorable opcrdtlOg 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 o nly sccond-ordcr effects, namely carrier
frequency shifts and second-harmonic dIstortion of the 
desired frequency deviation. Thild-order effects are aenerally 
one or more orders of magnitude lower. 

The varactor is characterized by the relationship 

C I C I 

C; "--
.. V" (q, + £Y' (1) 

V"" effective bias voltage = q, + E 
9"" contact potential , typically 0 .6 V for silicon 
£ = applied bias voluge 
n "" coefficient of varactor law . 

Based on the resonant condition 

~ = '- (Co +~) 
W 

and the series expansion 

W" 

W "" W + llliJ + - - (C>Wm )' 
o m 2(W')2 

the following terms were denved : 

". 

• , . ,) '. --=+7"_';;"_ ~FI __ ~~ 
I • 

8'1-Figurll. Sc;hefnll llC of be$ic retORllnl circuil . 
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- 1 :-t:~ 
'. -v.". t: 

6r'6, •• ,u~[eOln,.~.coS!n,' ] 

Figufl2. Fr.,queney·mo(iuliltlOn cheracterlstic 
IIK_wtflUld eurvaturll . 

( 2) 

(3) 
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(I) Modulalion Sensitivity 
When a modulating voltage Em is applied superimposed on 

an effective dc bias Vo • the resulting frequency deviation can 
be expressed in a normalized form by 

where 6Fm " peak frequency deviation 
F ° "" carrier frequency 

(4) 

p" the capaci tance ratio at the operating point Vo , 

Co c;, 'I · - · - v Cv C I 0 

• 
10 

0.' I 2 5 10 20 ' 0 100 
CAPACITANCE RATIO p 

Figure 3. Second-oro.r distortion effects. 

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

(2) Second-Harmonic Distortion 

The coefficient K 2 IS the ratio of the second harmonic to 
the fundamental of the frequency deviation. When Kl is 
normalized 10 the fractional deviation 6Fm/Fo • we get the 
relation 

6Fm 
K2 =Q-

F. 
(5) 

The function Q is shown mathematically and in graphic form 
in Figure 2 for various values of nand p. Disto rtion decreases 
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• 

with larger n and with lower fixed capacitance Co. A 
hyper-abrupt Ju nction-ty pe varactor with 'I :' 2 could make 
the distortion vanish in the absence of Co. 

With the mOTe generally used varaclors, fo r which 'I < 2, 
the Inherent distortion cannot be reduced below a minimum 
value. 

(3) Carrier Shift with Modulation 

The same factor K 2 also describes the carrier shift 6F c In a 
normalized form 

(6) 

The relative shih in terms of the peak deviation is the same 
as the second-harmonic distortIOn. 

(4) Third-Harmonic Distortion 

Generally third-order effects are one or two o rders of 
magnitude lower than second-order terms. For reference the 
term for the thi rd-harmonic distortion is Included here: 

wit h j3 _ ~ (n + I ) ('I + 2) ( I + p)' 
6 n' 

[
n + I 

- 3 - n- (J+p) 

If lowest distort ion is a main criterion, three conditio ns 
shou ld be met simultaneously 

use of high-II varactors 
- operation at lowesl possible bias 

maintenance of the fixed capacitance Co at a minimum. 

For I % distortion, the percentage frequency deviation is 
limited toe I/a)%, which is typically I%or less deviation . 

The second condition also correspon ds to o perating with 
max imum modulation sensitivity. 

Let us take an example to Illustrate the use of the graph. 
Assume an oscillator in the fm broadcast band 88 to 108 

MHz_ Suppose we want frequency modula tion wllh 75-k Hz 
peak deviation and 1% distortion o r less. How much fixed 
capacitance can we tolerate? 

The distortion is largest when the percentage deviation is 
largest , which occurs at the lowest carrier frequency (88 
Mllz). There. 1% distortion (K, '" 0.01) makes a "" 0.01 x 
88/0.075,", 11.7. For this value of Q we can read from the 

SEPTEMBER/OCTOBER 1969 
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graph a value of p z 7.3 for an abruPlJunctlOn-type varactor, 
i.e., the fixed capactiance CQ should not exceed 7.3 times the 
varactor ca pacitance C w. 

CapacItance 

I!F Q p total 

88 MHz 75 k Hz 0.01 11 .7 7.3 

If the sam(' circuit were to be operated at the high end (108 
MHz) of the band, we could reduce/. to 2/3 of the va lue at 88 
MHz and keep the same capacllances. p and Q remam 
unchanged, and the distortion would be slighlly reduced. 

6F 0.075 K'-l a-i08 X 11.7-0.008 120r O.8 1% , 

The carrier shift with modulation would also be l% orO.81 % 
of the frequency deviation, i.e., 0.75 kHz at the low end, 0 .61 
k Uz at the high end. 

R. K. Altenbach 
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Signal -Generator Output Calibration 
Considerable confusion has been engendered oYer the 

years by the existence of two competing methods of ou tput 
voltage calibr.ltion for standard-signal generators. namely the 
emf or open-circuit or "volts behind" calibration and the 
matched output or "'10115 across" calibra tion. 

un6 IT R,I.ation., IPS 

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

The source vollage Es is only available at the generator 
output terminals for a no·load or " open<ircuit" condition. It 
can be shown that , for a lou/ess transmission line, the load 
voltage t:L is related to the source voltage Es as follows : 

where Zs '"' source Impedance 
2 0 " characteris tic impedance of line 
ZL "" load impedance 
fJ "" phase constant of hne 
~ "" length of hne 

In general, either ZS, or Z/" or both, may be frequen.:y 
dependent complex quanti t ies. so the calculation is not 
trivial. The situat ion is co nsiderably sim plified if the trans· 
mission line is omitted Letllng ~ :z: O. Equation (I) reduces 
to: 

In some ways more mteresting is the observation tha t, when 
Zs is chosen to be equaltoZo . Equation (I) agam reduces to 

.-
Figurel Basic colibnilion elements 

" 

Eq uation (2) except for an additional phase shift bet ween t:s 
and EL due to the presence of the line. Thus, for Zs = lO t the 
magni tude of the open<ircuit voltage at the output end of 
the t ransmission line is the same IEsl that would eXist In the 
absence of any transmission line and is of course indepc lldenl 
of line leI/g I ll . T he result is tha t the magn itude of HL depends 
solely on ll. and not on some specia l conspiracy which may 
or may not provide a conjugate match with a complex ls. 

For the special case of a purely resistive source ls - RS 
and ZL "" Zo '" RS we have a completely matched system 
whose equivalent circuit is shown in Figure 2a. The generator 
now delivers to the load lhe maximum power of which It is 
ca pable: this is ca lled the available power, PA v. Defining 
ELM to be the 103d voltage under this ma tched condition, we 
have: 

(I) 

£ ' E' LM S 
P .--.-AV Rs 4Rs 

(3) 

(4) 

P A V is usually measured In milliwatts, and genera lly cahbra
ted in decibels relative to a one-nnlliwalt reference (dBm). 
fl.!.r is the value which is calibmtcd In the "volts across" 
system, whereas Es is the value calibrated in the emf or "volts 
behind" system. 

Hit' uriC Back!P'oulld 
The nvalry bet ween calibra tion systems has historic roots 

in the meeting, in the "hf region, of an upward-bound 
low-frequency technology, which was for many years open
circuit-voltage orien ted . and of II downward-moving micro
wave ;echnology, which was based on power measurements 
in closed transmission lines of well-controlled impedance. At 
one time, low-frequency receivers commonly had high· 
impedance Inputs designed for direct connection to the end 
of a capaci uve ante nna or to a high impedance open-wire line. 
Early lower-frequency signal generators had output im
pedances which were typically less than 10 ohms, so that 
thei r open-circult o utput was also essen tially the terminal 
voltage for receivers whose input Impedance was usually 
many times higher. These older hf signal generators were 
gcneraUy calibrated in terms of their open-circuit output 
voltage, and their output-impedance specifica tion, were 
often rather vague. On the: other hand, the basic output 
calibration of even early microwJvc signal generators was in 
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terms of available power. expressed in dBm . The output 
impedance characteristics were generally specified even when 
they departed markedly from the ideal. These instru ments 
also carried voltage scales, frequently on a matched-volt age 
basis (Equation 3) for which the convenion to available 
power by Equation 4 was obvious. Some microwave gene ra
ton, such as the GR 102 1 series, carried opcn-<:ircuit voltage 
scales and dBm scales. In either event , available power was a 
reasonable basis for calibrat ion of microwave receiver sensi· 
tlvit y because impedance match.ing to ob tain optimum power 
transfer was facilitated by early standardization on a 50-ohm 
characteristic impedance for coaxial transmission lines. 

With. the passage of years , most lower-frequency, open
wire, high-impedance inputs have given way to shielded 
coaxial ci rcuits designed around 50-ohm or 75-ohm imped
ance levels, and high·frequency signal·generator source im· 
pedances have been standardized at these same level s. Althe 
same time, dBm scales have become widely accepted on hf 
Signal generators as weU as on microwave Instruments. Un
fortunately , Ihere has never been sa tisfac lory standardization 
of the met hod of output-voltage calibration ;so me hf and vhf 
signal genera tors are calibrated in terms of emf or open
circuil voltage, and o thers in terms of matched output 
vol tage. The emf practice has remained prevalent in Europe, 
while the matched-output practice has been most common 
on generators specified and procured by the U.S. Department 

a. 

c. 

LOS5LU5 
UAJOSIII!S'OtI 
~ IN£.I.'!oOtI 
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of Defense; t hese procurements have had a major in nuence 
on calibration practices for commercial units as well. 

Since both types of signal-generator·voltage calibration 
have existed in the U.S., the jargon of "hard" and "easy" 
microvolts has arisen among receiver designers. The term 
"hard" :nicrovolts applies to the sensitivity measured by a 
genera tor with open-circuit calibration. This is because good 
sensitivity implies a small number of microvolts, clearly more 
difficult to achieve wi t h this type of calIbration. Conversely, 
sensi tivi ties measured direct ly without correction, by use of a 
generator with ma tched-output voltage calibration , became 
known as "easy" microvolts. Most receiver test specifica tions 
require the use of "hard" microvolts, and the test procedures 
for use with ma(ch~d-ou(pu( generutort eaU for insertion ofa 
6-dB pad at the genera tor output. Theopen-<:i rcuit voltage at 
the output of the pad is Eu .t (Figure 2b), equal to the 
calibrated outpu t voltage of the matched generator (Figure 
2c). Thus the ma tched-output generator calibration can be 
read directly in cases where open-circuH values are desired. 
Direct reading of the dB m scale of a matched signaJ generator 
(without the extra 6·dB pad) gives a good measure of 
sensit ivity fot modem comm unication and navigation receiv
ers tha t are designed for use with well-ma tched antennas lind 
transmission lines. If the receiver input SWR is high SO that it 
fai ls to accept the power available from the signal ge nerator, 
the measured sensitivity su ffers just as it would in practice 
when driven from a well-matched antenna Since the dBm 
method of specifica tion avoids the possible confusion of 

1I1"~ 
r------- , , 

i $ ,:. 
.. 

1 ! 
, .. 

1 , .. ~ ~[L~ 
L _______ .J 

~GII ""'D 
L'I •• ~ 

Zo"~l. 
~".. 11."'0 

K __ 

b. 

Figure. 2. (aJ BMic transmiSS ion sys tem relatiOnships; as modified 
Ib) bV in$8r1ion of 6-<16 pad and lei by additiOn of millChing load. 
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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 ofa differen t cycle. Figure 2a is an illustration of one 
of a number of techniques (outlined in the Handbook of 
High·Speed Photogra phy ) for usi ng the stro boscope (whose 
"light is the high speed shutter") with a conventional movie 
camera, while Figure 2b is representative of the results ob
tainable. The Cinema-Beaulieu· camera in this example was 
chosen because it uniquely combines the features rcquired 
of an instrumentation-grade camera, including provision 
for the addition of the required synchronizer for strobe use. 

MONITORING aUAlITVAT HIGH SPEED 

I n the graphic arts industry , stroboscopes playa vital role 
in maintaining printing quality. Today 's high-speed presses 
print at the rate of 1000 feet pcr 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 i~ 
particularly true when material such as computer business 
forms, labels, and recorder chart paper is printed on continu
ous paper strip. Tearingsamplcs 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 o f slroboscopy, printers are 
cutting operating costs drastically. 

The printing is monitored with a stroboscope usually 
synchronized to the press, all hough photoelectric detection 
directly from the printed material is often practical with the 
GR 1540. The pressman views the stroboscopically stopped 
image. At the first sign of a misregister he inserts a paper 
"Oag" into the printed roll where the fault begins, makes his 
press adjustments and inserts a second flag into the roll at the 
point where correct printing begins. Later, it is a simple 
matter to CUI ou t th e faults and to splice the rolls. 

The modular construction of the GR 1540 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 o f 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 occun, the press man knoM immediately by how 

· Cinema·8u.ulieu , Inc. , ISS Well 68th Street, New York , N. Y., 
looll. 
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a. 
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Figure 2 . Study of a wood bit drilling 
an unweured plaslic block. Strobo
scope and convent ional movie cam· 
era uses C8rnttrWfl'i.sh rale of 8 per 
IiflOOnd 10 view bil rotaling al 2000 
rpm. Appartnt slow rotal ion is a
chitved by gradual in(7ease of fllil$h 
delay-control sell ing. Note th-al the 
15·J.15 effective shutter speed pro
duces Ihe required sharpne$S of sub
ject to permit detailed examinalion 
of individual frames. 

b. 
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Figurl 3 . Old Ifld n_ meter scates for GA 1003. 

"hard" versus "easy" microvolts, it should be encouraged. 
Nevertheless, many sensitivity specifications still call for 
voltage calibrations, and one of the two types is generally 
provided on standard·signal generators. 

For many years General Radio has supplied emf or 
open-circuit voltage calibrations. This is, in fact , the meas· 
ured quantity at the monitoring or leveling point in most hr 
and vhf signal generators. Sensitivity measurements made 
with these calibrations correspond directly to the generally 
accepted "hard" microvolt type ofspecification. Calibration 
by use of open·circuit voltage is attractive fo r measurements 
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 , There is the added 
advantage that the calibration remains unchanged if the 
signal-generator output impedance is increased from 50 to 75 
ohms by the addition of a 25-ohm series resis tor, but , of 
course, the dUm calibrations would no longer apply. In 
today's age of specialization, any given organization is usuaUy 
elearly orient ed to either a 50-ohm or to a 75-ohm system, 
The 75-ohm syste m user prefers to buy a generator 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 10 convert to the "volts
across" type of calibration . 

tf' 'I'll Call .s 
The original mechanical design of the output-attenuator 

dial mechanism in the GR 1003 and 1026 generators made 
conversion from one calibration system to the other uneco
nomic. New deSign features, however, have recently been 
introduced which allow us to change over qu ite readily. 
Current production of these two instruments now carries 
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Corporation. Ahff rec;eiying hi$ AS in 
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his AM 119481. Prl!$llfltly he isSec:tion leader 
of the RF Oscitlator Section. He is a senior 
member of tEEE and has held severat o ff ices 
In IEEE . 

matched out put or "volts-across·50-ohms" calibration ; the 
older emf calibration is only available on special order. The 
dBm scales are, of course, unchanged. The meter scales are 
clearly marked to identify the new calibration and instruct 
the user to multiply by 2 for open-circuit volts. Alternatively, 
Ihe user can add a 6-dB pad such as th e GR 874·G6L to the 
output of the generalor, thereby reducing its output by 2: I , 
so that the meter reads open-circuit voltage directly. The old 
and new meter scales for the GR 1003 Standard-Signal 
Generator are shown in Figure 3, 

- G. P. McCouch 
For Further Informllion 
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WOOds. D., "The Concept 01 Equivalent Source EMF and Equiyalenl 
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t ion of Electrical Engineen , Pan B, Paper 3356M, January 1961 
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Damping Measurements of Resonance Bars 
Re<iearch~rs at NOire Dame University have approached 

the study of material damping capacity from the beginning. 
rather than the end One of the most common procedures for 
mC<l.sunng the mternal (rid Ion of material IS the resonancc
bar technique, wherem a ~ample of the malena] to be studied 
is cut to the proper dimensions for resonance al some desired 
frequency in some specific mode of vibration. Damping is 
determined ellher With the specimen at resonan ce or m free 
decay from resonance. Dr. N F. Fiore and R. M. Brach of 
Notre Dame have successfully developed a third variation o f 
the technique In which the damping is determined by the 
relaxation lime (Tb), characterizing the rale at which the 
system bulfds-up to stea dy.s ta le resonance vibration. 

A disadvantage of both the steady-state and free-decay 
measuremen t approaches IS the necesslly to bring Ihemaler· 
ia! sample 10 sleady-state resonance before the damping can 
be determined. In this circumstance, rapid physical changes 
can be taking place withm the sample and be lost to the 
observer, because of the comparallvely 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 sleady-state reso· 
nance. 

The time taken by the Vibrations of a specimen. under 
steady-slate resonance conditions, to decay to e· I of ils 
maximum or steady-state ampli tude, after removal of the 
driving forces, is designated as Td The damping decrementS 
is calculated from the relationship 

in whichI~ls the resonance frequency In hertz. 
Conversely, the lime (Tb) for the amplitude of the driven 

system to rcach I c' l of Its steady-<;ta le value is approxi· 

~1"I·.rc 
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mately equal to Cd From thIS relationship the dampmg 
decrement can be redefined as 

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

At steady-Slatecondition, thedecremenl can be defined as 

in which f r is the resonance frequency and f l and h arc the 
frequencies at which the magnilUde of vibration is 0.707 that 
at resonancc. 

The No tre Dame researchers first derived the mathemat· 
ical relationships between the two methods, as described in 
the Journal of tht Acoustical Society of America, I and then 
confi rmed their calculations in a series of resonanl·bar 
ex:penments They used a Marx composite piezoelectric 
osci llator in which the Input to the system is directly 
proportional to the input voltage across the driving trans
ducer and the decrement is inversely p~oportional to the 
outpu t voltage across a g:lglng transducer. 

The cirCUit (Figure I) used by Dr, Fiore and Brach 
employs two G R instruments, the GR 1162·A 7C Cohere nt 
Decade Frequency Synthesizer and the GR 1396·8 Tonc
Burst Generator. The syn thesizer generates a resonant frc
quency, at a controlled voltage, which feeds the tone-burst 
generator. The gene rator puIS ou t a con trolled pulse that 

I Fio re. N. f·. l"ld Brach. It. M .. "ltesonance· Uar Dam ping Measure· 
m~nlS by I he Ituonance Uulld·up ·rechniIlUe.·· }ouma/ of "re Acolls, 
I/cll l Society of A merlc" (in pr e5~). 

F,gure! Block/SCMmlllicdi&gram 
01 tHI equIpment 101" 

resona~-b¥s IxperirTM!f1t$. 
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energizes the driver crystal ; the vibrational magnitude in
creases from zero to the steady-state value_ Resonance 
buildup is momtored o n a storage oscilloscope, which d is
plays the gage crystal outpu t. 

The method described above is unique in that it al lows one 
to have his cake and to eat it too. As long as the pulse duration 
exceeds 'T b' the decrement can be determined dlTectly from 
the relaxation time. When the pulse ends, the sample-rod 
driving force is zero; t he vibratio ns and the gage-signal output 
decay to zero. From the OSCilloscope display it is possible to 
obtain as many as three measurements o f Ihe decreme nt 6. 
Dunng the time from resl to steady state at resonance, the 
decrement is ddined by the build-Up relat ion time Tb' At 
steady state, 6 is Inversely proportional 10 the steady state 
amplitude. Dunng the lime from steady state to rest , 6 is 
defined by 'Td. If high-speed measurements are reqUired, the 
pulse duration can be made less Ihan Td, then 'Tb can be 
derived by fillLng an expotential curve 10 the approach 
envelope as displayed on the oscilloscope. 

Figure 2 shows the oscilloscope trace for the quartz 
crystals alone, when driven by a O.3-second burst in Ihe 
longitudinal mode, at SO kHz, lind wit h co nstant applied 

Table 1 

T, Td 0 0 0 
Condition - - BUildUp F,ee DeQlV Steady Stete 

Mer)( Osclili tor 44 4' 4.4 )( 10'" 3.9)( 10-4 3.6)( 10-4 
Mer)(pius 

" 2.' 8.' )( 10-) 7.9 x 10') 8." )( to') 
Cu C'Y'tel 

voltage of 1.8 V rms. Values (or characteristic limes, laken 
directly from the figure, give 'Tb ·44 ms and 'Td" 49 ms, 
Values of the decrement as calculated (or the three variations 
of the resonance-bar measurement technique are shown in 
Table I. 

Figure 3 shows the change in response brough t about by 
mounting an annealed (III) copper single crystal upon the 
drive crystal and maintaining the applied voltage at 1.8 V rms. 
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Figure 2, Oscl l105Cope pict ure of 
qu.rtz-crynal re$ponw to 5O-k Hz burst 10 .3 sl 

in Iongi tudil\lll mode. 
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Engineel'"ing. Unlver-silY of Notre Dame. He 
holds degrllfl5 of as and MS from the Illinois 
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The large increase in damping causes rapid aillinmeni of 
sleady-state resonance and rapid decay 10 zero after com pIe. 
tion of the lone burst. Calculated values (or t he decremen t, 
derived by the three variations in technique, are shown in 
Table I. 

F igure 3. Change in re$ponse of quartz cryS1l1 
by -.ddit ion of IIr'I nealed copper single Ct"ystlll. 
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Reports from the Field 

FROMTHE FAR NORTH 

T he Ko ngsijord Telemetry Slation in Spitzbergen, Nor
way operates as an observatio n and data -<:ollectio n point for 
t he European Space Research Organization (ESRO) in addi
lion to hand ling its routine tasks for the No rwegian govern
ment. Engineer Bjorn Myrstad reports thai the GR I I 63-A4 
Coherent Oecade Frequency Sy nt hesizer is an integral part of 
the station '5 system. It supplies I OO-kHz signals for modu la
tion of a test generator and controls three other signais - the 
telemetry t ransmitter's second and first local-oscillator fre
quencies and a test-ge nerator o perating frequency. 

ESRO IS geared for an extensive satellite launch program. 
SOt satellites are sc heduled for launch in the next six years, to 
part icipate in sc ientific ex periments including cosmic-ra y 
studies. The last satellite is scheduled fo r launch into a 
stationary orbit and will contain ten ex periments controlled 
by several European countries. 

The pho tograp h contri buted by Mr. Myrstad shows the 
O R sy nt hesizer, upper righ t, part of the station's syste m 
supplied by the Sud Aviation Company. 

Complete co nvenion of the GR 13 10-B Oscillator to 
solid-sta te cin:uitry has not altered the outer appearance of 
t hIS familiar oscillator. It has, however, enabled GR to lower 
the price, maki ng the instru ment even more attractive to 
users. 

Specifica tions fo r the GR 13 1Q.B are the same as for the 
OR 13 1Q.A in GR catalog T , except for accuracy (± 3% of 
setting) and price. 

SEPTEM BER/OCTOBER 1969 

Catalog 
Number 

1560-9695 

0480·9838 

• 

1.-. 
I 1 r....J...I 

I y ll Uw...I...JJ 

Description 
Price 

in USA 

1310-8 Osc:illtlor (Specify 115-, 2 20-, $275.00 
or 2JO.V line oper.t ionl 

1560-P95 AdeptIK"C.bI. 

480·PJ08 R-.dc-Adeplor Set 

3.00 

10.00 
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CLEVELAND 216886-(1150 
COCOA BEACH 800241-5122 
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