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THE cove R Broadband testing. uS!JllIsweep-hequancv rellectom8lry techniques, has 
been acawled IS a hl'1le-SllY ing, cost-reducing tool in re$earch and indusl ry Our CO'llet' 
,lIustrates, HI an abstract W8y, the ease of applving refleClometry ledm,ques, the 
SlmpllCltv of lhe d,rectional coupler which tran$ITI'\S Ihe basic informal ion, and the 
claro lV 01 Ihe observed parameter in Ihe form of an ose,lIogram upon Ihe gralicule 

TH E NEW LOOK 

We hope you were pl litSiln tly surprised 

al Ihe look of the new E"'p .. r;,nc"'f' r when 
;1 arroved il l your desk in Fellfuary The 
change in si~e and format ,s evidence Ihal 
General Radio recognizes its obligation to 
readers of Ihe E"'pf' r;",,,,,'cr 10 plesenl 
information related to new measu"ng on· 
strumentaliOfl, or improvements in pre 
viously issued models, in a 10rm bolh 
provocative and e llract ive. An obligation 
el(islS also to supply telthnical information 
that is worthy of retention in your fites. 

Looki ng b&c:k through the years and 
reading Vol. 1 NO.1 i$Sued in June, 1926, I 
was please1 to no te thai the 1' '''perimen/fOr 
W.lS slipulated to be a new General Radio 
scrvire to experimenters in home laborato· 
ries. Service slill is our tlleme but the direc· 
t ion has changed from Ihe home laboratory 
of the radio hams to Ihe loboralo"esol sci· 
ence eoo industry, 10 the production areas 
serving commerce and t racie, and to the sev· 
eral echelons of roeaSUfemen\ accuracy rep· 
resen ted by standards and calobralion lab· 
oralolles. 

The E"'puj",",,/cr has a significant role 
to plav on advancing the Sla le of the art o f 
measurement eng,neering. AI GR we are 
aware that many of our reilders are part of 
the lask forces that generate so much of 
what 's new, useful. and available on the 
measurement and cont rol fields. We hope 10 
draw upon the el(periences o f our readers 
fOf some of the source material from which 
editOfials will be generated in the future. 
The Editor's office at GR 's prepared to 
,occiV'l! any comments YOU feci will be of 
benefit to au. readers. Spring is he.e - le t 's 
get together !IS;) team and "Play Ball!" 

c. E . White 
Edilor 
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The New Sweep-Frequency Reflectometer 

by T. E. MacKenzie, J. F. Gilmore, M. Khazam 

The GR 1641 Sweep-Frequency Reflectometer operates 
in the frequency domain.. Using II sine-wave signal to the 
unit being tested, it measures total reflection (SWR) and 
transfer (insertion loss) as a function of frequency_ 

This method should not be confused with the pulse-echo 
method (time-domain reflectometry). o riginally used for 
detection and locat ion of faults in cables. The pulse-echo 
method employs a visual display which presents individual 
reflection locations as magnl/ude versus dls/ance. The 
frequency-domam-reflectometer dIsplay presents nel reflec
tions versus frequenc)'_ 

The introduction of low SW R connectors and the ad
vance in performance of directional couplers have encour
aged the move from fixed frequency measurements in co
axial circuits to sweep-frequency techniques. Sophisticated 
systems now operate over broader bandwidths and 10 tight
er specificatIons. Some complica tions remained, however, 
including Ihe need to establish calibra ted reference levels 
for each measureme nt and a lack of direct SWR readout. 

MARCH/APRIL t969 

The GR 1641 was designed 10 eliminate such faults. II 
provides broad frequency coverage, 20 MHz to 7.0 CUz. in 
two bands by means of two integrated rf units. Band 
changing is simple; no time is losl in dismantling or 
reassembling components. Initial stlf-calibration is nol 
repealed fot an ensuing series of SWR or loss measurements 
within the instrument's range. I-ilgh order of accu racy is 
assured by directiyity greater than 43 dB at 1.0 CHz and 37 
dB at 7.0 CHz plus SWR (for equivalent source and for the 
detector) less than 1.03 al 1.0 Gllz and 1.06 al 7.0 Gllz. 
All this is avaIlable at moderate cost. 

For lest purposes, only Iwo panel controls require 
adjustment by the operator the functiona l DISPLAY 
switch and the RANCe. switch. The formcr con trols 
measurements of SWR. INSERT ION LOSS, or both. the 
latter establishes SWR readmgs at full scale equal to "". 2.0. 
1.35, 1.10, and 1.03 or full-scale losses of 0, 10, 17. 27. and 
37 dB. The controls are programmable for remote opera
tion. 

Test data arc read dIrectly from the panel meter In the 
operational modes corresponding to fixed fre~uencv , step
ped frequency or slow sweep. In the continuous sweep 
mode, direct and simullaneous indications of SWR and loss 
are presented on an auxiliary oscilloscope. 

The 1641 is shown in use in Figure I with commerCially 
available auxiliary equIpment types which are in thc normal 

Figure L A IHlllfrangement 
USl"fj GR 164 t ReUeclomeler. 
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complement of a testing laboratory. The assembly com· 
prist:5 the 1641 . .In external rr source. and an external 
oscilloscope. Figure:! shows the panel of this refleclOmeter, 
with the low.frequency rf unit (20 to 1500 Mllz) 
on the bottom left, the high frequency rf unit (0.5 to 
7.0 GHz) on the bollom right, both are mounted in the 
main frame with the indicator unit. The Iransfer detector IS 

separate for flexibility. The device to be measured is 
connected between the UNKNOWN port or the 1641 and 
the transrer detector. the detected output of which is 
connected to the 1641 through a cable. 

SYSTEM DESCRIPTION 
The interconnection of the various components of the 

reflectometer system for SWR and loss measurements is 
shown in Figure J. The sweep source is modulated by a 
100kHz square·wave signal from the 1641. The detected 
return·loss and IOsertion-loss signals are fed to the indicator, 
basically a 10·kilz tuned amplifier, the output of which is 
displayed on the oscilloscope after rectification. The 
blanking pulse of the sweep source is fed to the indIcator to 
provide a zero·retrace output level, and also to trigger the 
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Figure 3. Inlercon .... ctlOf'lI 
01 tnt equipment. 

... .... 

figure 2. AeUectomeler panel. 

channel switch for an alternate dIsplay or relUrn loss (or 
SWR) and lO~rtion toss with each sweep. 

Low·Frequ ·'''.v Unit 
The low·frequency umt consIsts of a balun ilnd II 

summing Junction. which together form a bridge ClfCUIt. 
Leveling is accomplished by means of a detector at the 
balun junctIon. A second detector provides the SW R 
information. SlIllple conversIOn of the bndge for com· 
parison measurements is made pOSSible by the external 
con nection of the reference standard termmatlon. The 
residual SWR of the bridge is less than 1.015 to 1.0 G ill 
and less than 1.02 to 1.5 Gill.. A schematic diagram is 
shown in Figure 4a. 
Hil h·Frequl ncv Unit 

The high·frequency rf umt consists or two directIOnal 
couplers, two detectors, and appropnate IOterconnectlOg 
transmiSSion lines. A schematlc dIagram of thiS umt IS 
shown in Figure 4b. The first directional coupler (the 
leveling coupler) couples part of the input signal to the 
leveling detector. which levels an rf source when the 1641 is 
~l'rndinK. 

-
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operating in a sweep-frequency mode. The remainder of the 
input signal goes to the measuring coupler where part is 
coupled to the UNKNOWN connector and the rest is 
absorbed by the built-in termination. 

The directivity of the measuring coupler is greater than 
40 dB from 0.5 to 4.0 GHz, and greater than 37 dB from 
4 .0 to 7.0 GHz. The coupling characteristics of the 
measuring and levehng couplers are identical so that the 
magnitude of the Signal reaching the UNKNOWN connector 
follows the frequency response of the leveling detector. 

The high directivity, wide·band directional couplers are 
the heart of the rf unit. These du-eclional couplers have an 
asymmetric coupling region of three sections. The theoreti
cal design of such units to achieve a desired coupl..ing char
acteristic is well known and resuits have been tabulated. I 

While achieving a desired coupling response is a relatively 
simple matter, the high directivity of these coupler units 
requires the utmost care in design and fabrication. The wide 
bandwidth covered by these units makes it inevitable that 
any characteristic impedance errors or discontinuities wiU 
add at some frequency . so all components must be deSigned 
and made properly. Thus the built-in termination, support 
beads, connector and line-size transition must all have 
extremely low SWR 's, and the coupling-region dimensions 
must be nearly perfect to achieve this level of performance. 
These characteristics have been attained in the 1641, 
resulting in a measuring coupler with substantialJy higher 
directivity than is available in any other commercial 
multi-octave coupler. 

I Levy, R., "Tables for Asymmelrk Mulli·Elemenl Coupled· 
Tran$mwion·Line Dlrecrlonat Couplers," IEEE TnUlJlllctlon, on 
Mlcrowal¥ Theor), find TechniqueJ, May 1964, pp 175·279. 
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Both the external transfer detector, used for insertion
loss measurements, and the built-in SWR detector are 
selected to have the same frequency response as the leveling 
detector. Both have a 100dB attenuator built in to improve 
impedance match. The maximum power level at the 
detectors for an on-scaJc indicator reading is approximately 
- 10 dBm. It is impossible. while mainlaining an on-scale 
reading, to drive the detectors outside the SQuare-law 
region. The leveled power required from the source is - IO 
dBm plus the dB-coupling factor of the directional coupler. 

It Pr ntCitl 

A typical calibration curve for insertion-loss measure
ments is shown in Figure 5. The flatness of this curve 
depends mainly upon the similarity of the coupling 
characteristics of the leveling and measuring ,couplers and 
upon the tracking of the leveling and the transfer detectors. 

Typical calibration curves for SWR measurements are 
shown in Figure 6. The over-all flatness of these responses 
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depends upon the similarity of the coupling characteristics 
of the two couplers and upon the tracking of the SW R and 
the leveling detectors. The ripple in these traces and the 
difference between the open· an d short·circuit curves 
depend mainly on the equivalent sou rce match which, at 
the UNKNOWN connector, is less than 1.0 I + 0.007 IG Hz' 

SWR measurements of typical standard mismatches are 
shown in Figures 7 and 8. These curves illustrate ty pical 
syslem performance al SWR levels of 1.5 and 1.2 respec
tively. The extremely low residual SWR of a typical 
high. frequency rf unit is shown in Figure 9. 

Figure 10 shows a block diagram of the G R 1641 
Indica tor. Two ident ical preamplifiers are connected to the 
main amplifier chain through the channel switch. The 
channel selection is accomplished through the DISPLA Y 
switch. which has three positions: SWR, LOSS , and BOTH. 
In the BOTII position. the channel-sw it ching circui t con· 
trois the channel switch: blank ing pulses from the sweep 
generator cause alternate presenta t ion of the preamplifiers 
to the main amplifier chain. The result is an alternate 
display of the SWR and LOSS functions with subsequen t 
sweeps. 

The detector is a synchronous detector of the sample
and-hold type. Gate pulses, derived from the IO·Hlz 
oscillator, connect a charging capacitor to the output of the 
final amplifier for a duration of app roximately three 
microseconds. A phase-shift network in the amplifier chain 
is adjusted so that the gate pulses coincide with the positive 
peak of the 100kHz signal at the final amplifier. The value 
of the charging capacitor determines the response time of 
the detector and the over-all bandwid th of the indica tor, 
since this is a synchronous detector. The value of the 
charging capacitor must be selected for an acceptably low 
noise-output level. the sweep speed must then be limited to 
a value compatible with the response time. 

The METER SCALE switch controls the atten uator in 
the main amplifier chain and also the value of the charging 
capa citor. This relieves the operator from having to search 
for the optimum comprOlluse between outpul noise and 
sweep speed: il is only necessary 10 set the sweep time to a 
value greater than or equal to the minimum recommended 
sweep lime indicated by the meter-scale control. 

Usually in systems that use diode detectors. for example , 
the 1641, the operator must take special precautions to 
prevent the de lectors from function ing outside the square
law regions, therl':by introducing gross errors. This is not so 
with the 1641 indicator. The indicator 's sensit ivity range is 
selected so that, for on-scale meter readings, Ihe source 
output power must be set to a kvel compatible with that 
requ ired for detector square-law operat ion. If excess power 
is available, the measurement range can be ex tended by this 
amount by recaiibrating the instrument for SWR, with a 
standard mismatch other than an open or short. or for 
insertion loss. With a precision attenuator. For recalibration 
with a standard misma tch of 2: I SWR ratio. a switch is 
provided that modifies the allenuator Switching sequence 
of the indicator to maintain the meter SWR calibr:lIion for 
extended range operation. 
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The diode detector, as generally used with low-frequen

cy tuned amplifiers, has a useful operating range of 
approximately 30 dB. This range is limited at low signal 
levels by the noise of the system and at high signallevets by 
the deviation from square-Jaw operation. One method to 
extend the square-Jaw range is to shunt the detector output 
with a properly chosen resistor. Figure 11 shows the 
measured deviation from square-law for a diode detector as 
a function of input power for three values of the load 
resistance. The optimum value of the load resistor is 
approximately'hRd, where Rd is the dynamic resistance of 
the diode. When a low resistance de return path is present, 
as through a choke, the optimum load resistance is 
approximately equal to Rd' The advantage of an increase in 
dynamic range, brought about by this method, is offset 

I .-'- • ... / 
~ ~ , / 

: li / 
7 I ...... 

r-.. / , 
"-./ • -
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figure 10. Block di89rllmof 1641Indicetor. 

somewhat by the disadvantage that there is a reduction in 
sensitivity caused by the addition of the shunt resistor. 

In the 1641 indicator design, a de return through a 
choke is presented at the input. The optimum load 
resistance is provided by the adjustable input impedance of 
the preamplifier. The disadvantage mentjon~d above is thus 
bypassed. The wide dynamic range of the 1641 indicator 
system is achieved by the extension of the detector 
square-law range at high signal levels and by the reduction 
of the indicator bandwidth to a very small value in the most 
sensit ive measu remen t range. This narrow bandwid th is 
made possible th.rough the use of the sy nchronous·detector 
technique previously described. 

Th.e SWR·loss display and me ter·scale con trol functions 
can be remotely controlled by contact closures 10 ground 

~-

Figure 11. Diode detector - squere·lew 
renge extension. 
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• • " • • ~ 

through electronic or mechanical switches. This allows the 
164 J 10 be used in lIutomatic me:asuring systems for sorting 
or qualifying devices. 

1 he cffect of ground currents in II measuring system that 
requires interconnections of several instruments had to be 
considered in the design of Ihe indicator. Relatively la rge 
IO-k ll l. curren!s can now Ihrough parts of the ground 
circuit, causing SllIali voltage differences between various 
ground points. If the ends of the input cable shield are 
connected to two such points through low-impedance 
cirCUIts. the resultmg voltage difference between the ends 
of the input cable shield WIll appear in series with the 
measuring sIgnal at the amplifier mput. This can cause large 
errors m the measurement of low SWR or high insertion
loss values. This error is reduced to a negligible level In the 
1641 mdicator by connecting only one end of the input 
cable shield directly to the frame and by keeping the 
impedance between the other end and the frame high with 
respect to the shield resistance. 

AccuRACY COI~SIl JERA',IONS 
The high degree of accuracy that has been obtained by 

use of the 1641 is II result of using components based on 
the precision of the GR900~ connector. In fact, the total 
error of the 1641 system is no greatrr than the componcn t 

8 

error Introduced by use of general-purpose connectors in 
other commercial systems. A consideration of the system 
errors. however, will provide illustrations of the limits of 
performance, as well as providIng a grrater insight into the 
1641 system operation . 

The mam error contributIons for reflectIon and trans
mISSIon measurements with the 1641 are described approx
imately by 

11) 

in which r.~ is the true reflection coefficient. 

ix is the true transmlloSlon t,;ocfficient of the me:!sured 
device 
r f and 7, are the renection :md transmission coefficients 
mdlcated by the IMI system 
r o and 70 are the residual reflection and transmission 
coefficients of the system respectIvely. 
r ,r IS the equivalent source mJtch and 
IJ: is the trJnsfer-detector match of the system. both 
expressed as refle(;lIon coefficients. 
r: and ~ are the output reflectIon coefficIent and the 
reverse transrni~ion coefrident of the devil,;e bein(! 
measured 
k IS the frequency re~ponse char3(;tcnstlc ot the ~ystem 
normalized to unHy 

The relations above are based upon :J two-port device. 
but they are easily expanded to apply for multlports. For 1I 
one-pori deVice. the third term in equal ion (I) goes to uro 
and equation (::) is inapplicable. 

rhe directivity or eqUivalent residual SWR of the system 
(ro when expressed as a refle..:tion coefficient I is import:Jnt 
10 all reflection measurements; the residual detector match 
to the unknown OJ when expressed as a reflection 
coefficient) IS important to low'rrncl:tion measurements on 
low-loss devices Jnd to transmission measurements on 
hlgh-SWR devices. (For the most accurate 10w·SWR meas
urements on multipoTts. auxiliary reflectionless tcrmin:!
lIOns may be employed.) The equivalent residual source 
match 10 Ihe unknown (r,r wh .. n expressed as a reflectIOn 
coeffiCIent) is important 10 both reflection :!nd trans
mission measurements on high-SWR devices. Figures I ~a, 
b, and c show typical data for the low-frequency rf unit 

(20 to 1500 Mill ), Values of ro ' r,l" and ,; are given in the 
published speclficallon~ of the 1641. 

The. residual-transmIssIon coefficient (TO) is essentially 
the nOIse level of the system. It IS dependent on the 
available source power and, for a source power of 30 mW. 
70 is typically less than 0.005 (46 dB). fhe systt"m flatness 
o r levehng, characterized by Ii. 10 equatIons (I) and C!:) is 
dependent upon l-oth the 1641 and the rf source employed 
The prinCipal .:ause~ of deviatIons in Ii. from unity arc 
distortion of the system modu lation in the source leveling 
circuitry and tracking errors in the frequency responses of 
the 1641 detCl:tors. Figure 13 shows a typical trace of 
system flatness for the low-frequency range. 
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The above discusSIon of accuracy assumes negligible 
harmonic content in the source signal. Presence of har
monics will affect Ihe 1641 system in al least two ways: 
leveling across a band of frequencies is dIrectly dependent 
upon the harmonIc content and the leveling and measuring 
detectors respond to the net source SIgnal (fundamental 
plus harmOniCS). The relative rf phases of the fundamental 
and of the harmOniC) at the two detectors may differ, 
however. and this can cause variatIons in a normally nat 
trace across the observed frequency band. The variations 
usually are not smooth but appear as an amplitude 
perturbation of the order of a few tenths of a decibel. The 
use of low-pass filters in the source·signal circuit, when 
necessary, will eliminate this problem. 

A second effect of the presence of harmonics is apparent 
in the measurement of devi..:es such as band-stop networks 
that have high loss at the fundamental frequency and low 
loss at the harmOniC frequencies. The effect is also observed 
in the measurement of band-pass networks that have a low 
SWR at the fundamental frequency and a high SWR at the 
harmonic frequencies. The ratio of harmonic level to signal 
len'l, in these cases, IS Increased b)' the characteristics of the 
device bemg measured anll results m a requirement for 
more stringent fIltering of the source signal, 

The GR 1641 Renectometer has WIde application in 
production-test facilities: de\'elopmt'nt. resea".:h, and cali
bration laboratories: incoming Inspection and quality
control actlvilles. It measures one-port, two-port and 
multiport devices, both pa~lve and active. with bidirec
tional or unidirectional propertles. With GR900 precision 
coaxial adaptors, accurate measurements can be made on 
deVICes equipped with a wide variety of connectors. 
Information can be obtained on a fixed- or swep t-frequency 
basis from a meier, oscilloscope or recorder presentation, 
with go-no-go IUllits easily established. Since the 1641 is 
programmable, it ..:an be controlled from a remote station, 
either manually or via a compu ter. 

All the measurements made with the rcnectomcter full 
into either the fenection-cocfficient (SWR) or trans
mission-cocfficient (insertion loss) category. but these IWO 
ca tegories encompass an extensive list of charac te ristics. 
The renection-coefficient or SWR ~ategory includes return 
loss and percent impedance deviation. The transmission
coefficient or msertion·loss category includcs Isolation. 
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In 1962 T E MacKenlie JOIned GA's Moeu)· 
wave GrouD. PrlllVious emplovment was with 
the Allard Manufacturong Company from 

1954 to 1962. He holds degrees of BSEE 
119581 Ind MS In Physics 119631 from 
Nort~tern UnillefSlty. His WOf'" at GA 
t\,)S been primarilV In the develoornent of 
microWilYB irlStruments. comPQnents, and 
standards 

J. F Gilmore joined General Radio as an 
engineer in the MIcrowave Group in 1963. 
dlter reallving his 8SEE In 1961 and MSEE 
on 1963 from Northea51ern Unl\Oefisty. He 15 
orewflttv er19iJged in microwave CirCUli and 
component design. He;$ a member Of IEEE_ 

After receiving hiS EE dego-ee '" 1957 hom 
the o..ltt Unlvt!fsily of Technologv In HOi 
land. M. Khazam W3$ a prOtect engioePr 
WIlh lhe laboratorv lor ElectroniC DeveloP
ments 10< the DutCh Am16d Forces. He join· 
«l GR's Engmeeflng Oewrlment in 1962 
and pres&ntlv 15 ~Ialolmg In the develop

ment of uhf vhf Instruments and com
pooen\$ 

attenuatIon. couphng, directivity. gain. and frequency 
response. Most of the important charac teris tics of filters, 
antennas, isola tors, circulators. switches, power dividt'TS, 
couplers, amplifiers, attenuators, cables, and terminations 
are included in these two ca tegories. 

The 1641 provides a convenien t means 10 measure the 
SWR of antennas, to sea rch for resonances. and to 
cha raclerlLc components or scnllcond uctor devices. The 
follo ..... mg paragraphs describe some specific measurement 
examples and area,> of ~pphcation. 

" , 10 
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F IgUr' IS. In,...l;on 10. 1« ilOl_IOI'" in the 2.0- 10 
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Figure 14 shows The measured passband characteristics 
of J five-stage bandpan filter over the 463- to 473·MHz 
band Since both the transmission·response and SWR 
characteristics can be displayed simultaneously, the effects 
of peaking In the individual sections can be quickly and 
easily determmed 

Figures 1 Sand 16 show the measured characteristics of 
an isolator over the 2· 10 4--G Hz band The forward 
charaderlstlcs were measured wIth the isolator input 
connected 10 the rf Unit UNKNOW/\ port. The reverse 
characteristics were measured with the isolator output 
connected to the rf umt UNKNOWN port These measure· 
ments arC' typical of those reqUired on circulators, swi tches, 
power dividers and allenuatofS. 

Figure 17 shows the SWR of a video detector over the 2-
to 7-G li z range and Figure 18 shows the SWR of a 
termination over the same range. The full-scale SWR range 
In the first case 15 1.35, in the second 1.03. The ripples in 
the traces Indicate that the system residual SWR is tess than 
'-0) 

hgure 19 shows the reject-band loss of a nominally 
::!-Gtfz strlp.hne low-pass filter. The spurious responses in 
the vu;:mlly of S Gllz arc the reSUlt of leakage coupling. The 
full-scale loss is 17 dB. 

The data shown In Figures 17, 18. and 19 were obtained 
uSing the system of Figure 20. which comprises the 1641 , 
an Alfred Model 9SI0 Mutu-octave S""eep Oscillator and a 
Tektronix Type S64 Storage Oscilloscope The rf connec
tIOns between the renectometer and the oscilla tor plug
m~ .... ere made through 3 coaxial SWitch. To coordinate 
Ihe triggering of the oscillator plug-ins and the rf switch 

, d. 

Figure 20. Test essembly lor FIgur8117, 18, and 19. 
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with the horizonul·sweep voltage to the oscilloscope. the 
oscillat or-blanking output was used (through a separa te 
switching n~twork). It was also used to switch the leveling 
conncctlOns. The modulation connections were made in 
parallel. The system was operated continuously with a 
sweep tIme of 10 seconds. 

Figure 21 show~ Ihl: ~ttl:nuation characteristic of an 
RG ·S8/U cabte assembly about 12.5 electrical feel long. 
Figure 22 shows the SWR characlenstlc. These measure
ments wcre taken by inserting Ihe cable between the 
UNKNOWN port and the transfer detector of the 1641. 
The frequency range of measurement is I to 1 GHz. The 
allenuation characteristIc decreases uniformly from 1.4 dB 
to 2.1 dB. The npple In the SWR character'istic indicates 
thai the main sources of SWR error are about 12. 5 feet 
apart (a half wavelength at the npple-rate frequency); In 

fact, Ihe SWR IS pnncipally caused by the discontinuities at 
the cable-connector Junctions. 

In many Instances, it is not pOSSible 10 attach a detector 
to the far end of a cable for example, if the cable or 
transmission line is long or passes through a bulkhead or is 
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30ached to an antenna mast. Measurements o f the loss and 
SWR characteristics still are of in terest. Such measurements 
can be accomplished by leaving the far end of the cable 
open-circuiled (or short-circuited) and by looking at the 
return-loss or renection chuuctcristic only. This is 
illus trated in Figure 23 for the same cable as that of Fig
ures 21 and 21. 

The allenulI.tion is Just one-half o f the average indicated 
return loss because the measu red signal travels down and 
back the length of the ~·ab l e. The ripple in the return-loss 
characterist ic is a measure of the cable in put SWR. wh ich is 
given approximately by the voll3ge ralio corresponding to 
the ripple excursion in dB. Th is measurement is limited to 
the degree that the value given by twice the cable 
attenuation must be at least 10 dB less than Ihe termina
ted-cable re turn loss. If this is not the case, then the 
allenua tion information is lost. For ell ample, if the cable 
attenuation is 15 dB, twice the cable attenuation is 30 dB: 
the attenuation information therefore is submerged in the 
cable return loss. In fact, for long, lossy cables (20-d8 
attenuation or grea ter), the SWR can be read directly with 
the ca ble not terminated. In such cases. the cable attenua
tion can only be determined by utilizing the transfer 
detector at the far end of the cable. 

F igure 24 shows the attenuation and SWR characteris tics 
of a 50-foot length of RG 2 14j U cable over the frequency 
range o f 2 to 4 CHz, measured directly with the transfer 
detector. The cable is equipped with CR900 cable con
neclors. and the SWR is very low except at the points of 
resonance. The resonances are caused by periodicity in the 
cable itself. The characteristics in the vicinity of one of the 
reson!lnces are shown in detail in Figure 25. Long cables. 
such as this, exhibit SW R's that vary quite rapidly with 
frequency, and resonances such as the one illustrated a rc 
not uncommon. 

"" The SWR 's of connectors, whet her they arc on cables, 
adaptors or air tines, are usually quite tow, and appreciable 
SW R resolution is required 10 achieve meaningful measu re
men ts. Figure 26 shows a series of SWR curves of adaptor 
pairs and cables. all o n the 1.03 fu ll-scale SWR range. The 
frequency band is 250 to 500 MHz. 

~ )~ P m t 

For the most accurate low-SWR measuremen ts at filled 
freq uencies, the system residual directivi ty or residual SWR 
can be tuned OUI wilh an impedance matching tuner (such 
as the 900-TUA or -TUB Tu ner) attached to Ihe UN
KNOWN pori of the 1641 . The tuner is adjus ted so a null is 
indicated on the 1641 while measuring a standard term ina
tion or while using quarter-wavelength or o ther air- line 
techniques.1 

When a source is employed thai delivers approximately 
100 mW leveled power (into SO ohms). additional SWR 

~ Mac K~n"t;e, T . E. "Some Techniques and Thei r Limitations as 
Related 10 the MeasuTemenl of Small Reneclions in Precision 
Coaxial Transmission Lin .. s." IEEE -/7g'lSQct icmf Of. Inslnm.tmlution 
and Meusu.-eme'll. Vol. I M· IS. NO.4. December 1966. (Ava ilable 
from GIt as Kep rinl No. A 133) 
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resolution can be obtained by calibrating initially at a 
2.0-SWR level and utilizing a I.OI-SWR full-sca le range. 
Under these conditions, the residual noise level is reduced 
to an equivalent SWR approximating 1.002. (Note the 
1.01 scale is obtained by using the 1.10 scale and manually 
insert ing a zero after the test-data decimal point.) 

If speed is required, in addition to the high accuracy 
described herein , pre-set tuners can be employed. In this 
manner, production measurements at discrete frequencies 
can be made with a minimum of set-up time, and with 
direct readout. 

Actiw Devices 

Use of the 1641 to measure the charac teristics of active 
units, such as solid-state semiconductor devices, is illustrat
ed in Figure 27 , with measurements on a GR 1237 
VHF/ UHF Preamplifier. Th e gain and input SWR measure
ments of Figure 27a were obtained by connecting the 
amplifier input direct ly to the 1641 UNKNOWN port, and 

GA IN AND INPUT SWR 

I SOLAT ION AND OUTP UT SWR 

SWR 

) H r. 
" , R 
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by inserting 13-d B attenuation between the amplifie r 
out put and the 164 1 transfer detector. T he attenuation 
combines with the amplifier gain to introduce a net loss 
that can be measured directly . The amplifier gain is 
de termined from the measured loss by subtracting the 
amount of attenuation used. Thus, in this example, 
subtracting the 13-dB au enuation used from the measured 
loss of 0_5 to 2 d B across the band gives a-I 1- to -1 2.S-d B 
loss or a 11 - to 12.S-dB gain _ The attenuation was add ed 
behind the am plifier so the input SWR could be di rectly 
measured with no reconnections. The amplifier isolation 
and output SWR, as shown in Figu re 27 b, were obtained by 
reversing the amplifier connections end for end and co n
necling the amplifie r input directly to the transfer detect or. 

The magn itudes of the s-parameters, Is .. I, are obtained 
directly from the measuremen ts described

l 
above and are 

expressed in d B as return loss (Is .. [, Is .. 1) and insertion loss 
" JJ (lL[ Is .. l). Similar measurements can be made on tran-

IJ ' JI . 
sistors, diodes, etc, by the use of appropnat e mounts and 
bias- insertion uni ts. If dc bias is used wi th Ihe device to be 
measured and no in ternal dc blocks are provided, a dc block 
is required between the device and the 164 1 UN KNOWN 
po rt . The G R 1641 Transfer Detector is internally dc 
blocked. 

ACCESSORIES REQUIRED 
Al though the 1641 depends o n an external source of rr, 

the sou rce req uire me nts are no t stringent. Specifically, the 
req uirements are: 

I . 10-mW minimu m leveled rf output into SO ohms 

2. capability o f being driven by external 100kHz sq uare
wave modulation, on-off, in the range of - I S to +15 volts 
and of presenti ng a mi nimum load impedance of I kfl to 
the external modu lation source ( the 164 1) 

3. capabili ty o f being leveled from an external sampling 
detector that delivers a co ntrol signal with sensitivi ty in the 
SO- to 5S0-m V range fo r a 30-mW source power input 

4. a bliinking pulse of ± J 10 50 volts into 30 kn . 

Increasi ng rf output to 200 mW makes grea ter resolution 
possible. The modulation and leveling circui try should not 
introduce appreciable d ifferential d is to rt ion of the 10-kHz 
waveform. Use of the blan king pulse specified in (4) is 
re q ui red only for triggeri ng alternate (sim ultaneous) 
measurements of SWR and insertion loss. 

Speci fic req uiremen ts fo r the oscilloscope are : 

I. both axes dc-couplcd 

2. vertical sensitivi ty of 0.1 V fcm or grea ter 

3. horizontal sensitivity consistent wit h the sweep-signal 
outpu t availa ble fro m the source (0. 1 V/cm is usually more 
than adequate). 

A storage oscilloscope is not necessary fo r all measure
men ts. It is part icularly useful, however, for measurements 
o f low SWR and high insertion loss where the sweep speed 
must be reduced below flicker speed to accommodate the 
system response time. The Tektronix storage oscilloscope is 
recom mended , and the 164 1 calibrated graticule fits this 
pa rticular unit . 

Design and development r~nslbilit!es for the GA 164t At
f! eetometer were as follows 
T. E. MlcKenzie - Prolect d irect ion, general systems design, and 
low-freq uency rl uni t. 
J . F. Gi!more - High·l rllQ uency rl unit . 
M. Khazam - Genera!·system, de tecto rs and ind ica tor des ign. 
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above 0.5 GHz and the Kruse-Storke E!ectronics SOOO-ser ies of 
sweep oscilla to rs lo r IrllQ uencies below 0.5 GHz. The osci lloscope 
used was the Tekt roniX inc. Model 564 Storage OsciHoscopl! w ith 
two Type 2A63 Oilfe rent ill!-Ampiilil!<' P!ug·lns. 

Complete specif ications end pr ices fo r the GA t 64 t were 
d istribu ted with the January / February 1969 issoe of the Experi· 
m e nTer. 

CONTI NUING EDUCATIO N 

In hne wilh ils policv of support ing the continuing education 01 
tochnically inclined readers. General Rad io has brough t out ano ther 
in a series o f handbooks entitled Ham/book ofeo-ial Mic"'''''''''' 
Mc"", .. emenl5 intended for use bv 
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• S tudents involved in academic labora tory experiments 

• Technicians work ing the coa)(;al f ields 

• Sc ient ists and engineers not indoctrina ted in coo)(iol 
e lectronics. who may have research work involving 
cQa )( ial techniques. 

Copies a re available fOf readers in lefeslOO in a publicat IOn WhIch 
su pplements lhe conllent;onal texl books. Ser'ld your order and 
check for $2.00 to General Radio Co., 300 Baker Avenue, West 
ConCOl'd, Mass. Ot781. 
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THE VIABLE VHF/UHF PREAMPLIFIER 

A low-noise, low-level, wideband 
amplifier operating in the frequency 
range 150 kHz to 1 GHz is as essential 
to the laboratory worker as bread to 
the growing child. In the home it 
could be used to boost the level of 
television signals, if a correc t imped
ance match between an tenna and 
receiver is established. The new GR 
1237 transistor amplifier probably will 
not be used In the home but liS place 
in the laboratory is assured by its 
simplicity and :ldaptability . 

The GR 1237 amplifier was 
designed for general laboratory use in 
SO-ohm systems as an amplifier, 
preamplifier, or isolator. It finds 
application as part of a system to form 
a sensitive, broadband detector system 
such as thai of Figure I. lIere , a 
demodulator, such as the GR 874- VQ. 
is opera ling as a video or ~nv~lope 
detector, employing a narrow-band, 
sensitive ),kHz indicating amplifier 
such as the GR 1232 or 1234. The 

circui t suffers from lack of senSitivity 
and selectivity (or suscep tibility to 
harmonics) as compared with a 
heterodyne system, but introduction 
of the 1237 unll improves the 
sensi tivity. as evident in Figure 2, 
while use of a low-pass filter (GR 
874-f') at the detector input reduces 
susceptibility to harmonics. The 
resultant system replaces the 
heterodyne as a null detector and 
elimina tes need for a loca l oscillator. 

Another use involves the familiar 
GR 1607 Transfer-Function and Im
millance Bridle . The 1237. directly 
connected to the bridge terminals, 
effectively blocks the ]ocal-oscillator 
silna] from the bridge and prOvides a 
means for connecting a mixer into the 
circuitry via the ou tput terminals of 
the 1237. Bridge measurement ~rrors. 
caused by local-oscillator feedthrough, 
are eliminated, sensi tivity is improved 
and bridge performance enhanced, 
particularly below 100 MHz. Another 

F '\IUrl 1. Ol"clor system u5.nllthl Type 1237. 

" • 

I: 
• 
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. ~ --- ... 
Figure 2. Relat .... ,mptOfement in .nsitivily. 

USHl9 the Type 1237 

advantage is assurance of small signal 
operation of semiconductor devices 
under tes!. because of the large reverse 
loss of the 1237. 

Some opera ting charactenstics of 
the 1237 amplifier are shown in Figure 
3. Phy sical appearance is as shown in 
Figure 4, and specifications are 
detailed below for reader convenience. 

SPECIFICATIONS 

Frequency Range: 150 kHllO 1 GHl_ 

Gain: >10 dB 1_ tVPlcal curve. F,gure 31-

R ..... rM Attenuation: >33 dB. below 700 
MH1.~3dB 
NOIM Flllure: See IYPtcal curve. Figt,ore 3 

Tlrminl ls: Input arod outpUt. GR874O» 
tockif'lO coaxial connectors. 
POWlr Required: 100 to 125 or 200 to 250 
V.50 to 400 Hl. 1.5 W. or 9 V dc. 18 mA 

Catalog 
Number 

12379700 

DescrIptIOn 

1237 VHF/ UHF 
Prllmptifilr 

• 

Price 
.n USA 

$ 195.00 

Figure 3. TypIcal 001. ''IIure, 11/110 and 
rever •• n,nualton chlrKleroU.CI. 
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Fogure 4 Type 1237 UHFJVHF Preilmphloe. 
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Type 1822 Digital Voltmeter Callbnllor. 

The Semiautomatic 
DC DVM Calibrator 

by Ralph P. Anderson 

Block diagram of the calibrator. 
Improvements in performance of digital voltmeters have encouraged increased use, with II 
correspondinglV increased calibnllion work load. Standards being geOE!faUlIj will specify calibration 
procedures to assure accurate performance of the meters, With these standards in mind, General Radio 
has designed the 1822 Digital Voltmeter C(llibrator. which uses semiautomatic techniques to simplify 
calibfation tests and to save calibration man-hours 

Th ; 

Digital voltmeters have taken the accurate measurement 
of de voltages from the standards laboratory to the 
engineer's workbench and also to the production line, 
where relatively untrained personnel can make precision 
measurements quickly and accurately. Like any measuring 
instrument, digital voltmeters must be calibrated 
periodically to assure proper operation within published 
specifications. Increasing use of the DVM has strained the 
facilities of many calibr:lIion laboratories to the breaking 
poin t, because of the complexity. large number, and lack of 
uniform testing of the Instruments involved. T o standa rdize 
specification format and test methods, the USAS I has 
created. and is in the proces:> of accepting, a standard on 
automatic voltmeters and ratiometers. 

Causes of error in digital·voltmeter measurements can be 
divided into two broad categories. The primary errors are 
those generated within the voltmeter, and they are inde· 
pendent of the character of the voltage source. These errors 
arc caused by voltage ofHets. reference·voltage drifts, 
hysteresis effects, nonlinearities, and range scaling errors. 
Traditional calibration methods, which havc been develop· 
ed to detect and to correct for these sources of error, 

16 

require the generation of a large number of accurately 
known voltages. 

Secondary errors arc those that depend on the specific 
manner in whieh the voltmeter is connected or used and, to 
a large extent. upon the source characteristics in rclat ion to 
the input characteristics of the voltmeter. The finite input 
imped ance and input current of a DVM cause loading errors 
during the measurement of voltages with sign ificant source 
impedances. Similarly, the fini te isolation impedance can 
cause errors when common·mode voltages are present. 

The traditional calibration of the DVM leaves these 
secondary sources of error undetected. It is in this area tha t 
the USAS I proposed standard, C39.6, will have its greatest 
impact. It clearly defines these sources of error and 
preferred tesling methods so both the maker and user can 
agree not only on what a specification means but also on 
how to verify it. 

The Coni ~IJ 

The ideal digital voltmeter would have an infinite input 
im pedance. zero input curren t and, of course, similar 
characteristics between each of its terminals and ground. In 
approaching these characteristics, digital voltmeter manu-
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facturers have ~ome vcI')' close to the ideal. The degree to 

which they have succeeded. however, may be easily 
defeated .... hen the digital voltmeter is placed in a hostile 
environment. Insidious settlemen t of dust and grime onto 
even the hest of insulators will eventually change them 
from high 10 low resistance and possibly into a current 
generator. SImilarly. a small disturbancc in the ba luncc of 
the input circuits of Ihc digil3l voltmeter can cause an 
offset current thut is large with respect to that which the 
u~er might expect from readmg the data ~heet. Since the 
measurement accUrJcy of a DVM may well include the 
effects of !he~e secondary sources of error, it is imperative 
!h;!! tests for them be included in every calibratIOn cycle 
and that the users be kept informed of the results, 

Tn II Im!!nl 

'Ih ... General Radio Iype 1!:i!2 Digital VoltmelCr Cali
brator has been designed to test for most of the sources of 
error as defined by the proposed USAS I Standard. Baskally 
the Type 182! is a remolt!ly programmable voltagc supply, 
with an mt('rnal program. Its primary purpose is to make 
convenient and practical the lests indicated in the standard. 
It will automatically pre~enl a scries of low source 
impedance. preci~ion dc voltages (from 100 J1V to 111.11 
VI to thc output terminals to check for the primary sources 
of error. Includ ed also arc means for checking the input 
ch:lTacteTlsti.:s, the common-mode rejection, the normal· 
mode rejection, and manual selection of voltages up to 
Illl.1 volts. 

All precision voltages generated by the 1822 are ulti
mately referred to a single specially selected and aged 
rderence diode. which is housed in a proportionally 
controlled ovcn with fast warmup characteristics. The 
r('{erl'nce \"oltagc. 111.1 I volls, is scaled up from the diode 
voltage by a resistive divider. The resistors in each of the 
dividers arc prC(·ision wire· wound resistors. wound from the 
same spool. heat treated to relievc manufacturing stresses. 
and placed. uncoiltcd. in a common oil bath 10 achieve, as 
nearly as possible. identical changes in temperatures. These 
precautions result III :1 ±1.5 ppm temperature coefficient 
for the division ratio and provide excellent long-term 
slability. 

A phOlochopper-stabilized amplifier provides the voltage 
;.unplifi..:ation needed for the kilovolt output range and. on 
tlw l(lwer ranges, servr.~ a~ 11 high-mput-. low-output
impedancl: buff~r isolating thl' dividers from thc effects of 
varying loads. 

The VOLTAGE-RANGE SWitch sets maximum values in 
decade rang..:s from I millivolt to 1000 volts: III each range 
Ihe value ~..:t by a second control. the digit switch, 
tlwlttplle\ lhe range by 0.11111. 0.'222'21. 0.33333, ..... 
1.11 110. Ihe Lf-ROS ..:ontrol permits the last I. '2, or 4 
digit~ to be n:plllccd by zero to match the resolution of the 
DVM readout An automatic stepping mode cycles the digit 
~cltin)!. UP\\ Jrd to m:u:imum and then back down to 
om:-tl'nth of full s..:ale for a quick check of all the indicators 
and of lIneaTity Aftrr one cycle It ean be set to step down 
one range JnL! cycle through the S;!rne sequence. Direction 
of ..:ounl, r:lIIge incrementing. and stepping can all be 
remotely controlled. Bccause the voltages generated in 
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these sequences have easily recognized numbers and are 
cycled automatically, the operators allention call be 
focused on the DVM under test. 

The output switching can reverse the output polarity, 
short thc terminals. and modify tll(' basic dc voltage by the 
addition of common-mode or normal-mode interference 
voltages or by a ch:lIIgc in lhe output impedance. This 
switching also provides a safety intC'rlock that prevents 
dangerous oulput potentials in the- 1000-volt range from 
being selected or progr:lmmed accidentally. 

The 1822 can be completely calibratcd against a primary 
VOlt3g..: standard by conventional methods, and its inheren l 
stability will p('rmlt a six-month recalibration cycle. For a 
simple check for changes in the internal reference. dividers. 
or output amplifi('r, a "simulated slandard-cdl output" is 
IIvailable th;lt can be compared by a simple null mea~urc
ment against a saturated standard cell. 

For voltages that arc not generated in the sequences of 
similar digits and zeros. the user may easily substitut(, an 
externul voltage divider in place of the Internal. auto
matically switched dividers of Ihe 1822. Either a sim plc 
resistive divider or 3 Kelvin-Varley Divlu('r may be used to 
generate any vol t;Tge from microvolts to I II I. I vollS. with 
the divider itself varying only betwel'n I millivolt 10 111.11 
volts. 

Its Application 

While the 1821 is ideally suited. because of its mobility. 
to calibrating DVM's on location m the laboratory, pro
duction line. or inspection department. it is not limited to 
Ihis use. Any precision mstrurnent that req uires. transmilS, 
or transduces analog voltages can be calibrated and its 
susceptibility to interfercnc(' determined readily by Ihe 
182 2. Analog-ta-digital converters. Ielemetry systems, and 
analog voltmeters are typical examples. 

As a component in the complete lesting system, the 
1822 can be programmed by the system to establish precise 
voltage levels for periodic calibrations of other sections of 
the system. 

The 1822 is a convenient. stable ITansf('r standard that 
moves easily from the standards laboratory to wherever the 
DVM's are used. Because of its flexibility, time savings, and 
ease of use. it can be us('d economically morc frequently 
than conventional calibration instruments. Ihus assuring 
more reliable results from all voltmeters. With the 18~2. 

testing for secondary error sources is more practical Ihan 
ever before. 
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NOISE, 
NOISE, 

~ -
AND MORE 

NOISE! 

. 20 Hz to 20 MHz, ±1 dB 
• 30·~N to l-V output, open circuit 

Figure 1. Slock dillllflm 
of the GA 1383. 

" 

The GR 1383 Rand om-Noise 
Generator is a willie-noise signal 
source of conlant spectru m level, 
operating in the frequency range 20 
H7. to 20 MHz. Output level is at one 
volt inlo an open circuit , derived from 
a 50-0hm source impedance. Level is 
adjustable over a range of 80 dB . This 
ins trument com plements random-noise 
generat ors G R 138 1 (au.dio frequency) 
and GR 1382 (sub-audio frequency), 
described in the GR Experime"ter 
Issued January , 1968. 

What's It Good For1 
Experiment ers will use it as a 

source of controlled background noise 
while studying signal-detection and 
-reception systems. Measuring noise 
temperature or noise figure of the 
input stages of an amplifier, within the 
speci fied freq uency range, is greatly 
simplified.' A simple reminder - the 

1383 becomes a SO-ohm source of 
noise, whose equivalen t temperature is 
the ambien t temperat ure when the 
power is not turned on. 

Use it for check ing intermodulal ion 
distortions1 

- apply a noise spectrum 
to the amplifier input , remove a band 
of noise freq uencies from the input by 
means of a band-stop filt er; check the 
output of Ihe amplifier, using a band
pass fille r of the same frequency range 
as Ihe band-stop filte r to determine 
how much intermodulation product 
has appeared in the vacant band. Thls 
is a useful check for general (IUalily of 
performance. 

1 Mumford W. W., and Scheibe, ~_. 1'1.. Noise 
P~rfonn(mu F IJCro'6 I" Communication 
Sys'~ml, Horizon House-Mlcrow.v~. Inc .. 
1968. 

2 lcenbice, I'. J . Jr., . nd Fellhau r, H. E" 
"Linurit y Tes t ing Tfi:hniqun fo r Sid"ll.nd 
Equipm~nl." Proc~~ditlls of Ih~ IRE. Vol. 
44 , pp 1115 · 1182 . D~cembet 1956. 
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Check Interft'rence In multichannel 
communicntion systems The broad 
b;lndwidth of the US) encourages its 
use at int~rr11ctliatc anti ratlio frequen
cies. Interfercm:e produccd in channe ls 
adjacent to Ihe test channel may be 
useful for Inve~llgalln1t intcrferencc
mitigation melhod~, 

1101',' about checking effe(IIve-noisc 
bandwidth 01' nltc!"';'! Apply a noise of 

known bandwidth to the filler input. 
and (om pare nOlsc :unpilludc at Inpul 
and output. I he reduction in level IS 
proporllon .. 1 to Ihe <tplare root of the 
ratio at the Cffel,:(IH· nOIM' band· 
Widths. Note the bandwidth of the 
nOl~ output of the !JIU IS .!O Mllz 
.15%. 

rhe n()l\e from the 1383 can be 
used to modulate .j ~ignal generator 10 
produo.'e ~idchand .. of noi~e at ahno~t 
any frequcncy. I he 1I10dul<lllon band· 
width Will. in 1I10st ca~l'~. be linllietl by 
the modulatIon dllIplifier III the signal 
gener:ator rather than by the .!O· Mliz 
bandwidth of the 13K3. If broadl'r 
b<lntl~ of nOIse <Ire rc(tuned. and the 
(anicr fre(jucncy is undesirable. mix 
the nOlsc with a sine wa\C~ from a 
~Ignal gt'nl'rator in anyone of sc\'eraJ 
b.alanced mixer units whil,:h Jrc com
mcr~'lally ;iv;illablt' 

N;irtO\\ band .. of noise ;irc eaSily 
produl,:ed hy bUilding luned circuits 
inlo GR ~74·\ In~rtion Units for 
inscrtlon IIItO 50-ohm linc~; morc !;om
pli!;ated filters dt'\I!!ned I'or operation 
III 50-ohm hnes I1MY be in~r1ed In 

~erics With the outllUt. 

rhe n~li~ ';Out!;e IS a lempt'rature· 
limited Ihermionil,: diode. !;ommonly 
accepted ,I~ ;i random· noise standard 
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A feedback system, shown in the 
block diagram of Figure I, controls 
the filament current while m3tnuintng 
a constant pialI.' current. The gen· 
crated noisc voltage level is stahilized 
111 this manner. SlI1CC 11 IS dependent 
upon Ihe S<luare root of the de pt.lI\" 
current. Noise current from the diode 
is amplified in the frequency range 40 
to 80 MHz and heterodyned against 3 
60-M Hz oscill310r sign3!. produ!;1I1g 
nOise in the dc to 20-"1117. band nw 
"lIideo·' amplifier produces an oulput 
noise level of one \'olt TIllS. open 
eir..:uil. The sharp cutoff filter follow
IIlg the mixer pro\'ides very a';l:uratc 
defillltion of the efft'llive h3nd ..... idth 

J J hlrJn. JI I~" graduate of Washington 
dod Jefferson Coltege (AB t9431 and 
H,rv/lrd UnIversIty IMA 1947 dnd 
PhD 19511 A~,) Research Fellow ott 

Hal ... ald. 0, F,lr<lll WOfked Of! COflet.ltlOf! 
tl!ChOlQU8S iI~ ",pOIit'd to <tCOU~IIC rt'l":elVlng 

syslems In 1952 ht- iOHled GR's Aud,o 
Groul) and tlon SHlre developed a variety 01 
II\~trUfTll'nts .• ncludlfl9 recorders, voltmelers. 
ilnd .ma1Vl f' 

of the gl'ner~ted noise and hclps 
redu ce oscillator leakage into the out
put. 

r F, 

We have redeSIgned the high-frc· 
4uelll~Y 5c..:lion of the old I3<)O·B 
Random· \loise Generalor. extendi ng 
the upper limil of the hand width from 
5 "H, to 20 Mltz ~ tigh tened toler· 
an..:e\ on 5pc..:tral nat ness; made tht' 
JlIllllltude distribution symmetrical. 
built m a (on\tanl and more practl!;:!1 
output impedance; and restyled Ihe 
ubinel We beliCH' you·1l find the 
I.l~] quile useful. 

J. J. Faran. Jr. 

SPECI r CATIONS 
Sp8(: lrum: Flat (cOnslant t!IMlfIlY I)tll helt( ot bandwidth) tl <..IB 
from 20 Hl co 10 MHz. 11 5 dB lrom 10 MHI to 20 MHl 

W.veform: Table stlOW1 amphtuode-dt'nS,ly-dlstrlootHJn 'I>«,llcalions 
01 generalOf cOffiO/lred with the Gaussian prob.lblhlydlm~llyl,.nc 
tion. as measured .n a '"w,ndow' 010211 ,PItU!f1!(i on tl,e Ind,cated 
values 

Voltage 
Gaussian Prob 
Dens Function 

0,0796 
0.0484 
0.0108 
0,000898 

All1pliIUd,' ol'n .. ,tv D'Sl 01 
1383 

00796 
00484 
OOIOS 
OooOIN!:! 

'" 005 .to 00'.) 
"'003 
'" 0003 

10 's the standard de\I.atlon or Ims value ollho no.w VOI1Jq!!) 

Output Vohage: Fun OUtpul t 0 V 1m, " n. 0P«l I/cUIL 
OUIPUI M.ter: Ind'CClte$ ooen<"CUlt oulpul vOllq dhf';ld of 50 n 

Output Impe-danee: 50 n Cm IJoIo sholUod WIthout ('au~l/lQ 

d'SlortH)"'. 
Amplilude Conltol; ConllnUOU$ ontrol Ind 6 ~1", to dli Df'f ~1t.'P 

IIttt!nualor 

OUlput Te rmiMIs: GR874 CO<II(I"I conf"ll'<:lor ThaI (,In be mounted 
on either front Of rear panel 

Accessories Supplied: Spare luSi"i, !.amp. ~~ cord 

Power Requ ired: 100 10 125 Of 200 10 :;><"...0 V ~ 10 400 H( 40 W 

Catalog 
Numbo:!f 

1383-9700 
t383-9701 

Do -,.pl,un 

1383 R,odom·No'$$ ",n.rltor 
Bench Model 
Rack Model 

P,,<.:c 
on USA 

$775.00 
795.00 
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F.gure I GR 1442 
Coax,al Res.stance SUlndafd 

STABLE SERIES OF COAXIAL RESISTANCE STANDARDS 
I he G R 144 :! C03;(131 Hl"sht~ncc 

Standard~ ( F I~urc II arc the most 
reCl'nt addition 10 Ihe line of General 
Hadio Impedance ~Ia ndards with 
l:oa'l(lal conne~'lOn As III the capac· 
Itors descTlbed previousIY,,·l the 
GR9008 connector~ make it possible 
III hay ... IWQ·lcrmin:l1 imped3 n.:e 
~landaTlh for the radio·frequency 
range. which can b ... calibr:l tcd to a 
hl~h dl"grl"c 01 a.:.:ura~·y. 

I he GR l44.:! re"~tor I:onslsts of 
1\\00 GR900 I:onne.:ton wllh a shorl 
Il'n~lh 01 outl'r conductor forming thl' 
hOU~lllg for thl' re" .. tor. rhe rl'Si~lance 
l'll'rlIl'nt. l'on~"ling of :l duster of 
Itll'tal·film rC\J~ l or!o. I~ conn('"clcd be-
1 .... I'.:n Ihl' t .... o Inncr (ontacts. '1 he 
length of thl' a~!><!mbl)' ha .. been made 
a, ~hort a .. posMble III orde r to keep 
hlllh the llldudJnl'l' and capacilance 

I","" 
[hc twu G[{900 connC(IOh Pl'rl1ut 

uw 01 thc J-I4.:! rl'~l~tor ill two (hf
krl'nt \\oay\ Onl' u\e IS a~ an md l\'ldual 
h'''~lanCl' ~tandarJ, Ohtallled b) ,horl
IIlIl onl' cnd .... Ith a G [{ 90o-~'" Short 
(m:ull I eTflUilallOn and U~IIl!! Ihl' 
othcr end 1m thc tl'rmlllah, I hc o lher 
U~l' I~ as a rC'I,lor III \Crtl', With o thcr 
Il11pl'danle \ ta ndarJs haVing (~[{ ('OO 

cunncl"tur,_ r h" Jlro\ldc~ a wide range 
01 lomblllallon, lor callbrallOn, .lIId 
nthl'f ml'a~url'mcnt purposes, 

I h.' charat:ll'n,llc, that IIlJkc thc 
(;RljOO conncdm '0 u-..:lul Jt flll..:ro
\\o~\'e frequenc il" aho Illakl' 1\ a dC'lr-

IOrr , It . W .• "Cap,dlanu Sland,rds Wi lli 
Pndsion Co nne<:lOn." Gf'~"'/ Rlldlo 
E1CfHrimf'ntu, Seplember 1967. 

lOr., R. W., and Zony. J .. "'More CO»Jlilol 
C. p adunce Stlndards," Gf'nf''''/ R.odlo 
I;.xfHrimenter, M.y 1968. 
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able mea ns of eonnecllon for 1 .... 0-

terminal d('"y icl"s at lower frequen':le" 
Th('" low resistance and Ihe accuralely 
defined rderence plane. plu~ Ihe prl'
cisely repealable induclancl' and 
capaci lance when connected 10 dtl
fe renl instrumrnts. make It pos~lhlc to 
consfrue l and 10 cahhr~te impedance 
standards for a widc range of In', 
(IUrncies and uses, PrecisIOn coaXial 
connectors are essen lial for Ihc hl~hest 
accuracy when radlO .. frequenq reS"I' 
ance ~'alibrallons arc mad .. b)- the 
t.;alional Bureau of SI:lndard"l 

.ICalibralio" ami resl Sf'niCf's (JIllu' NUS. 
Sp,dai Publica I;"" :ISO 196 8 t d,t", ... P 
7, 12 ~nd 1-30. 

" • 

:1 • 

-+- .~ ..... + 

Whcn , llOrlcd at one end. the l44:! 
CJII he u'l'd 10 calibra te hlgh-fro.'
<IUl'n.·y rl'~I'lance bridges, such a, Ihe 
(i[{ 1('0('·8 . and ~Imilar imtrumenb, It 
can be used aho 10 l'alibtate J .... ide 
rangc of lI1~truml'nts for (h~S II)Jt lOn 

laclor. condUc lJnce, or Q when con
Iwelcd in ,erie~ wilh a toax ial CJpac
itann' Sl andJrd rhis l'an Ol' particu
larly usdul III ma lerials l ahora l onc~ 

and in similar ac llHlle~ Ihat do nol 
ha\i~ lIIunrdlatl' access 10 th('" ""rvices 
01 a hlgh.fre1luenq electrical 'tand· 
af(l ~ laboratory. A few l44.:! Te~l~tors 
Jnd GR 1405 or 1406 capanlo" will 
proyidl' a number of dissipa llon-fJctor 
combinJlio!1\ III the range of ~"mple~ 

~I 

Figure 2 Typ.c.l '.1105 of effechw s.erieS reS'SI.nce 
10 de res'Stance. w.lh a 

GR 9()(}.WN ShOri C.rcu.1 31 one end 
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normally measured. These can be used 
for routine calibrations or as a check 
when the resuhs of a measurement on 
a sample appear questionable. 

The change in effective series resist
ance with frequency for 1442 resistors 
is shown in Figure 2. The change in 
reactance with frequency is shown m 
Filure 3. Substantially, all the chanle 
in effective resistance for the range 
shown by the curves is due to the 
inductance and the capacitance of the 
resistor. This is explained by reviewing 
the equation for effective senes resIs
tance R .. of the resistor whose equiv
alent circuit is shown in Figure 4. For 
analysis, one end of the resistor is 
shorted. 

The denominator has been re
arranged somewhat from the usual 
form to make it easier to see the 
effects of the individual parameters. 
The value of L in this equation is 9 
ntl , the capacitance 3.4 pF, the sum of 
2.S pF across one end of the resistor 
assembly and 0.9 pF across the resistor 
proper. These mductance and capaci
tance values are substantially the same 

~ .. 

A. W Orr recel'o/ed his BS In EE Irom TeltltS 
A&M Hl 1928. He held technrcal POs.uons 
WIth General Eleclric Company. RCA. Erie 
ResIstor CorpOration. AMP Inc .. dnd Aero· 
vox CorpOratIon !>fior \0 Joining Gene.-dl 
R!Id,o in 1964 Presenlly he IS a member of 
the Engineering Department's Impedance 
Group. Mr. Orr is a memOOr of IEEE and 
ASTM. He IS Chairman of ASTM CommlUl!e 
0·9 on EleClfical InsulatIng Mateflals. 
member 01 Committee 0 27 on I: leclrocal 
1t15Ulaloog LIQuids ¥ld Gases. and AssocldU' 
of the NASlNRC Conference on ElectrIcal 
1t15Ulauon and Oieteclnc PhellOffien.a. 

SPECI FICATIONS for all resistance Yalues. At the lower 
values of resistance , R 1 C2 is less than 
2LC. making the denominator less 
than one. and the effective resistance 
rises as the frequency increases. In the 
higher resistance values, R 2C2 IS great
er than 2LC, making the denominator 
greater than one. and the effective 
resistance decreases with frequency. 
The term W 2 /. 1 C1 is relatively small 
for these resistors at thc frequencies 
shown in Figure 3. A more complete 
analysis of reSistor performance at 
radio frequencies is given in an article 

Initi.1 DC AeeurKY: f(O. t" + 0.3 mn) 

St.billty : to.OS--' PI:!f year 

by D. B. Sinclair· 
R. W. Orr 

4Sin~l.i., O. 11 .. "Type 66] keslsto. - A 
SlInd.rd for U$C II Hilh helluencies. ·· 
G<!...-rll' Rlldio EX/KrlmtrH<!r. hnu.ry 19]9. 

11 
Vr~~ 

D'UIpatlon: 1 W malt 

CIlp6CII'n« (InllP.f 10 outer coroctuctorl. 5 
pF. typ, 
IndUf;III'1C': 9 nH. tVplcal 

T,mpeutu., Cotff,f;"nt of oResistanee: ~ 
ppm/ C. C~'-t'Pt 1100 ppml C for 1442·F 

CJtdlnq Pr.ce 
Number O~llpllon Resistance III USA 

1442·9705 1442.F 5n S65.OO 
1442·9706 t442·0 , Ion 65.00 
1442·9707 1442·H 2M 65.00 
1442·9708 1 1442..1 son 65.00 
1442·9709 . 1442· K loon 65.00 
1442·97 10 ~ 1442·L 2000 65.00 
1442·9711 1442-M soon 65.00 
1442.9712 1 1442-N tOOOI1 65.00 

..-~ 
II~~~ • .~ 

~~ 
....... ~ -

[~ ·l .... · ... .. . ' """" rc::: :'-. 1 --
Figur,3. Typical .'1001 of effective ser.e-s rellCtlflf;8 

to de 'eslSllnce. wIth, 
GR 9OO.WN Short CIfCUlt at one eod. 
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..~ 

"~T T • _ .. -
F '!lure 4 EC!uovalent Ci'f;UIt for 

GR 1442 resIstance standa.d, up 10 100 MHl. 
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TVpe 1864 Megohmmele. - laboralory Model 

TVpe 1863 Megohmmeler - Inspechon Model 

A familiar standby for GR cuSlom-
ers Ihe popular 1862-C Megohm-
meier has been repillced by two new 
unlls, Types 1863 and 1864, which 
reqUire fewer adJustmenls and are 
caSler to usc. 

The I ~63 IS recommended for 
production and Inspection lesling of 
Insulation al nve tesl voltages in the 
range 50 to 500 volts. Resistance 
ranges from 50 kn 10 20 Tn will 
cover mosl insulation specifica tions. 

I he 1864 will answer the need for a 
laboralorY-IYPC Instrument, but also, 
115 usc is recommended for production 
teslmg :11 vol tages not available in the 
Type 1863 This new instrument meets 
sudl reqUirements as 100o-voit check· 
II1g. leakage les ting of semi-conduclors 
Jnd capacilors 10 as low as 10 volts, 
and testing for reverse leakage of rec-

Voltage and RMiu~ Ranges: 

tlfiefS. The highest range of the instru
ment - 200 Tn is most useful for 
research and development work Inyoly· 
ing insulating materials. 

Leakage tes ting of paper. plastic. 
ceramic, and mica capacitors tradition
ally ha s been accomplished by 
measurement of insulation or leakage 
reSIStance of the capacitor Testmg of 
elecl rolytic capacilors of the alum
inum- or tantalum·plate type usually is 
specified as a measurement o f the 
leakage current , a me thod also em
ployed in the Inspection of semi
conductor devices Either megohm. 
meter, plus Ohm's La", will accom· 
plish the specified test. 

Stability of ca libration is ma in· 
tained by use of 1\ four-transistor unity· 
gain amplifier with FET input circuit
ry. In addition, no warmup drift is 

SPECI FICATIONS 

encountered, and high ze ro stabilil y is 
maintained during opera tion lIu man 
enginee ring has not been overlooked . 
as evide nced by the warning light that 
is aCIlYated by application of Ihe test 
vohage. Also continued arc usc of the 
MEA SU R E·CIIA RGE-D ISC HARGE 
swllch and prOVISion for performing 
grounded and ungrounded measure
ments. System engmerring application 
of the instrument is encou raged by 
providing rear terminal access to an 
OUlput voltage that is inversely pro
portional to Rx' This proportional 
voltage may be used to trigger a lllllit 
indicat ion or an actuating mechanism 
in an au tomatic system. Its value varies 
from 0 104 volts when tes t Yoltages of 
100 to 1000 are used: the yalue is 
proportionally less at lower test Yolt
ages. 

Resistance ACCUfKV: :t2 (metef fe<l(hng ttl" on lowest 5 ranges 
Imin feading is 0.5). Fo. highef funges add 

VOlt. 
Rmln 

Full Sc.le 

, 
Rm... IUMful 

10% o f SCiI. 2'h" of Scal' IR.nges 
si~th 

'" '" 

..... nth 
4% 

.ighth 

TVpe 1863 

SO,I00V I SO kn 500Gn 2Tn 
200, 250, 500 V I 500kn 5Tn 20 Tn 

Tvpe 1864 

IOta SOV SOkn 500Gn 2 Tn" 
SO '0 "Xl V 200kn 5Tn 20 Tn 

10010 500 V SOOkn 5Tn 2OTn · 
500 10 1000 V 5Mn SO Tn 200 Tn 

• Recommended Iomlt. 

22 

, , 

" • 
" • 

1863 
1864 

VoIl. Accurk'jl lac.O$$ unkroown) 

Shor t -CirCUIt CUfllfll: 5 rnA dPpro~ 

'" .,.. 5% 

Pow • • ReqUired: 100 10 125 or 200 10 250 V, SO to 400 Hz. 13 W. 

Catalog PIOce 
Number DescriptIon In USA 

1863 Me9ohmmltl' 
1863-9700 Portabll Model $385.00 
1863-970 1 Ract< ModII 385.00 

1864 Megohmmltlf 
1864-9700 PorUtble Modil 485.00 
1864-9701 Rack Model 485.00 
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The Type 1491 Decade Induclor 
incorporates seve ral G R940 Decade 
Inductor Units wit hin, and IIIsu latcd 
from. a single melal housing. The 
assembly offers moderately precise 
standards of inductance. with values of 
Q much hIgher than air-<:ore coils 31 
audio lind low radio-frequency opera· 
tion. Complete specifications arc avail
able from GR Catalog r 

Catlllog NumbM Induct8rl(:e 
Berl(:h Rock Totlll 

o.c ... Inductor 

1491-9101 
14919706 
1491-9103 
1491 -9707 
1491 ·9704 
1491 ·9702 

1491-9711 
149 1-97 16 
149 1-97 13 
149 1·97 17 
149 1·97 14 
149 1·97 12 

1491-A 
1491 -F 
1491-C 
1491 -0 
1491 ·0 
1491 -B 

0. 111 H 
1 III H 

"' H 
ll111H 
11.11 

"' 

General Radio announces the first broadly applied 
quantity dl~count policy in Ihe elect ronics industry ; it ap
plies for all customers and to alt produc ts. 

Since II costs us less per unn when several, even two, 
items arc orde red lit 3 lime, GR will share thiS savings with 
lis customers, Anticipate your needs, consolidate purchases, 
and save your money. The fult discount schedule shown 
below became effectwe March 2, 1969, 

H 
H 

QUANTITY 2·4 59 10·19 2().49 

DISCOUNT list 7% 10% 13% 

MARCH/APRIL 1969 

Steps 

0.0001 H 
0.000 1 H 
0 .001 H 
0 .000 1 H 
0.001 H 
0 ,01 H 

50-99 

17% 

• 

940'5 Pnce;n USA 
Included Bench Rock 

~O, E,F $615,00 $630.00 
OO,E,F,G 795,00 815.00 
E, F,G 595_00 610,00 
OO,E,F.G.H 995.00 1015,00 
E. F,G, H 795.00 815,00 
F,G.H 615.00 630,00 

100 

20% 
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ATLANTA 
' BOSTON 
BRIDGEPORT 

' CHICAGO 
'CLEVELAND 
COCOA BE ACH 
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