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A NEW 500-MHz 
STANDARD-SIGNAL GENERATOR 

A great many interacting problems surround 
the development of a standard-sig nal g en
erator, and the fine I instrument usually 
combines a few successes with more tho1n a 
few compromises. If the sig nal� g enerator 
is to flave an output-level r ange of 1 60 
dB, accurate frequency control w ithout 
trimmers, and leveling in all modulation 
modes, the chaUenges are compounded. 
Yet these were among the design obiec
tives of GR's latest signal-generator devel
opment. A maier engineering effort turned 
the problems into successes and produced 
the !high-performa'nce standard-sig nal g en
erator introduced in this month's feature. 
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thel�IExperimenter 
level is set by a precision step attenua
tor supplem nted by a continuous 
carrier level control; the meter and 

large attenuator dial provide a highly 

legible readout. A flick of the wrist 
takes the user from 0.1 microvolt to 10 

volts behind c-o ohms, without external 

amplifiers and their attendant tuning, 
shielding, and level-monitoring prob
lems. 

RELATION TO OTHER SIGNAL SOURCES 

The characteristics of the standard
signal g nerator, as embodied in the 

1026, set it distinctly apart from such 
relatively simple signal sources as GR's 

general-purpose oscillators on the one 

hand and from our highly sophi ticated 

decade-frequency- ynthesizer line on 

the other. The oscillators are ideal for 
antenna and bridge measur ments and 
as local oscillators for heterodyne 

detectors, but they la k the output
level calibration, ultra-high hi !ding, 
isolation of frequency from load pull

ing effects, and calibrat d modulation 
characteristics required for receiver 
tests and for precision in ertion-lo s 
m asuremen ts. 

Frequency synthe izers are quite 
complex instruments in which the pri
mary concern i to genera t precisely 

known output frequenci , usually with 
relatively le s attention devoted to 
achieving a wide range of accurately 
calibrated output levels and to modula

tion apabilities. Furthermor , the spec
tral impurities found in the output of 
frequency ynthesizers are generally 

of a different character from tho e in 
the output of he free-running, con
tinuously tunable Le oscillator used 
in the 1026. The unwanted output of 
the latter are almost entirely harmoni 
or hum sidebands close to th ·arncr; 

oth r di crete spuriou outputs are not 
pre ent, and broadband noi e side
band are of xtremely low amplitude. 

Thu a good conventional a-m stand
ard-signal generator is pref rable to a 

ynthesizer for certain important cla -
es of measurements, including receiver 
spurious-re ponse tests, receiver n
sitivity checks, which require accu
rately known low-level ignal ampli
tudes and known modulation 
charactcri tics, and measurements of 
receiver sele tivity, filter cutoff, and 
attenuator insertion lo , all of ''hi h 
require a wide range of accurately 
calibrated output 1 vels. 

APPLICATIONS 

The 9 . .  5-to-500-1\I Iz frequency range 

of the 1026 includes the important vhf 
and uhf aircraft communications bands, 
which u e double- id band a-m, and 
most of the common high i-f bands. 
Obvious applications thus Ii in the 
alignrn nt and te ing of receiv r , fil

t r , amplifi rs, at enuator , and o her 
device used in u h service. 

The large t ingle application area 
for standard- ignal generators is re
ceiver te ting. The 1026 is ideal for 
receiver te ting becau e of its high, 
leveled output, ingle-dial tuning, and 
low modulation distortion. 

AGC and Squelch Testing 

The r ceiver manufa turer is u ually 

called upon to pecify the range of rf 
input voltage over ' hich the AGC will 

maintain a r latively constant audio 
output level. •or u h tests, the 1026 
offer a wide range of output levels, 

xtremely low incidental fm, and a 

highly accurate output attenuator. 
The wide-band- and pulse-modula

tion modes arc also u ef ul for precise 
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checks of squelch and A GC recovery 
time. 

Distortion Tests 

The maximum nonlinear distortion in 
a receiver is generally specified at about 
5 to 10%. Any envelope distortion in 
the signal generator will, of course, 
introduce error in the measurement. 
Negative envelope feedback and ade
quate buffering (which virtually elimi
nates incidental fm) reduce distortion 
in the 1026 to 1% at 50% a-m and to 
less than 3% at the critical 80% a-m 
level. Not only is the 1026 output 
leveled, but there is no peaking by the 
operator to obtain specified modulation 
performance. 

Sensitivity Tests 

In measurements of receiver sensitiv
ity, a signal generator must produce 
an rf signal at a low, accurately known 
level, with known modulation per
centage. It is important to keep these 
characteristics, as well as carrier fre
quency, constant during the test pro
cedure. In the 1026, the output 
attenuator is accurate to ±0.1 dB 
per step, with a maximum accumulated 
error of ±0.5 dB. Rf leakage is negli
gible even when the output is in tenths 
of a microvolt. After warmup, the 
output level will remain constant to 
±0.01 dB over any 15-minute period, 
even with ± 10% line-voltage fluctua
tions. 

Signal-to-Noise Ratio 

In measurements of signal-to-noise 
ratio, the usual procedure is to compare 
the receiver audio output when a 
modulated carrier is applied with the 
"\Utput without modulation. Any spu
rious modulation due to hum or noise 
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will appear as additional receiver noise. 
The very low residual a-m hum and 
noise of the 1026 (at least 70 dB below 
carrier) permit measurements of signal
to-noise ratios up to 60 dB with con
fidence. 

Other Receiver Tests 

Measurements ·of adjacent-channel 
rejection, image-frequency rejection, 
and responses due to local-oscillator 
harmonics can all be made with greater 
confidence and convenience, because of 
the purity and stability of the 1026 
output. 

Noise-limiter effectiveness is com
monly measured by tests on the re
ceiver's ability to limit the noise spikes 
to some specified modulation percent
age, such as 80%. Thus the ability of 
the 1026 to provide accurate high
percentage modulation makes it par
ticularly attractive for noise-limiter 
testing. 

Amplifier, Attenuator, Filter Tests 

In tests of amplifier g(:Lin, frequency 
response, and distortion

'
, the leveled 

output of the 1026 eliminates repeaking 
of controls as frequency is changed. 
Also, the high output levels available 
from the 1026 will drive i-f amplifiers 
and low-impedance stages directly, 
without the addition of power ampli
fiers. Pulse response of i-f amplifiers in 
the 30-to-200-MHz range is of great 
interest because of the widespread use 
of such amplifiers in radar systems. 
The clean leveled pulse performance of 
the 1026 speeds up measurements on 
this class of equipment considerably. 

In filter-response tests, the high 
output capability of the 1026 is espe
cially useful when the rejection outside 
the pass band is 70 dB or more, since 
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Figure 1. The 1026 
Standard-Signal Generator. 

the filter output signal will still be 
easily detectable by an untuned high
frequency voltmeter. The high-level 
output, automatic leveling, and low 
leakage are valuable in attenuator 
testing. Phase-lock stabilization of car
rier frequency (with auxiliary synchron
izing equipment) also permits the use 
of highly selective detectors to improve 
signal-to-noise ratios in measurements 
of insertion loss in excess of 100 dB. 

Figure 2. Reen interior view. 
.. 

GENERAL DESCRIPTION 

The 1026 Standard-Signal Generator 
(Figure 1) is basically a continuously 
tunable master oscillator-power ampli
fier chain, with appropriate power 
supply and modulator circuits to permit 
automatic level control under a wide 
range of modulation conditions. 

The instrument is built in three main 
subassemblies: rf assembly, modulator 
assembly, and power-supply assembly 
(see Figure 2). Each subassembly is 
extensively pretested before being 
secured to the panel assembly, which 
supports all controls and which pro
vides interunit cabling. 

Vacuum tubes are used in the rf 
stages because of their superior per
formance and reproducibility in the 
upper part of the frequency range, but 
all components in the modulator and 
power supply are solid-state. 

The 9.5-to-500-MHz frequency range 
is covered in six bands, five of which 
cover approximately an octave each. 
The bands were selected so that impor
tant allocations, such as the 88-to-108-
MHz fm band, the 108-to-156-MI-Iz vhf 
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Figure 3. Output level vs carrier frequency. The small discontinuities in level (typically less than 0.2 dB) 
occur at frequencies where the range is changed. 

aircraft band, and the 225-to-406-MI-Iz 
uhf aircraft communications band, each 
lie entirely within a single range. 

Once the appropriate band has been 
selected, frequency is con trolled by 
a single dial, the amplifier trimmer 
control thus pas ing into history. The 
output is adjustable from 0.1 microvolt 
to 10 volts behind 50 ohms, and the 
shielding challenge impli d by such a 
range of levels has been met. 

Highly effective leveling keeps the 
output constant in the face of changes 
in frequency or load impedance (Figure 
3). The leveling loop is used for envelope 
feedback for internal or external audio 
modulation, giving very low modulation 
distortion. Leveling is also in effect with 
wide-band externally applied modula
tion frequencies up to as high as 1. 5 
MHz, depending on carrier frequency, 
and with pulse modulation. The use 
of two buffer stages between oscillator 
and modulated power amplifier results 
in unusually low incidental fm in the 
presence of high-level amplitude modu
lation. The resulting excellent sideband 
symmetry is shown in Figure 4. 

For added flexibility, the signal 
;enerator includes an internal crystal 

calibrator, a high-level auxiliary output, 

and prov1s1on for electrical fine fre

quency control for fm or pha e-lock 

operation. The auxiliary output is 

unu ually ver atile: It can be u ed to 

drive an external counter for monitoring 

the signal-generator frequency at the 

same time that a low-level output from 

the main rf output connection is deli v

ered to a r c iver under test; it can be 

disabled with better than 100-dB isola-

tion by 

switch, 

leakage 

means of an internal coaxial 

thereby eliminati.p.g possible 

from connected apparatus or 

cables; it can serve as an input, per

mitting the signal generator to be used 

-

- -� 

I� -

f--

-

-

Figure 4. Extreme symmetry of 1-kH z side
bands at 50% modulation is evidence of very low 
incidental fm. Carrier amplitude (center spike) 
Is offscale because of expansion to show 

sidebands. 
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the I� !Experimenter 
as a heterodyne frequency meter; and 
it can drive an external phase detector 
for phase-locked operation. 

PRINCIPLES OF OPERATION 

The elementary block diagram (Fig
ure 5) shows the rf power-generating 
stages and those parts of the modulator 
that serve to level the carrier amplitude 
and to insert audio modulation. The 
ancillary circuits employed in wideband 
and pulse modes of modulation have 
been omitted from this simplified 
diagram. 

The output stage of the rf power 
generator and the modulator stages 
form a negative-feedback loop. Since 
the loop encloses a signal detector, it is 
the carrier amplitude or envelope that 
is fed back rather than the radio
frequency wave itself. The reference 
against which this loop stabilizes itself 
is a de voltage supplied by the CARRIER 
LEVEL control potentiometer. Modula
tion voltages can be superposed on 
this reference, thus forcing the loop 
to follow an audio-frequency input. 
Special provisions are made to accom
modate wide-band- and pulse-modulat-

1 See "The Guillotine Capacitor," p 17, this issue. 

ing signals that are too fast for the loop 
to follow. 

Radio-Frequency Generation 

The output frequency is generated by 
planar ceramic triodes driven by a 
Colpitts oscillator and two buffer ampli
fiers. The Colpitts circuit is conven
tional except for the guillotine tuning 
capacitor.1 The six coils required to 
cover the 9.5-to-500-MHz frequency 
range are mounted on a turret that 
rotates with band changes. 

The three lowest frequency ranges 
cover tuning ratios of 2 � to 1, with 
some overlap between ranges. The 
plates of the guillotine tuning capacitor 
are shaped so that frequency varies 
linearly with dial rotation on these 
ranges, simplifying interpolation in 
bandwidth measurements on high-fre
quency i-f amplifiers and filters. The 
upper three ranges become progres
sively narrower in coverage in order 
to maintain satisfactory interstage 
tracking and adequate drive levels. 

A small amount of electronic tuning 
is possible through control of the bias 
on a varactor diode. Owing to the 

�---------------------� 
I 
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Figure 5. Elementary block diagram. 
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large signal level at which this diode 

operate , curren t  is b ing drawn, and 

the consequent self-biasing action pro

d u ces a nearly linear frequency-v -ap

pli d-control-voltage c haracteristic for 

small frequen cy deviations. 

Both plate and heater vol tages of 
the oscillator are electronically regu
lated for minimum re id ual fm and for 
maximum stability against line-voltage 

chan ges. 

The outpu t of the oscillator drives 

a pair of n uvistor power triodes in a 

pu h-pull grounded-grid broadband am

plifier stage, which operates at approx i

mately unity gain . This stage effectively 

isolates the oscillator from reaction d ue 
to modulation of the output stage . The 
untuned buffer in turn drives a push
pull tuned buff er consisting of a pair of 
high-performan ce ceramic planar tri
odes. The tuning capacitor, a second 
guillotine, and the coil t urret are al most 

identical to those used in the oscillator. 
This tuned buffer gives the po wer gain 
needed to drive the mod ulated output 
amplifier. 

The modulated output amplifier is 

almost identical to the tuned buffer. 

The same tube types are employed , the 
guillotine tuning capacitor is identical, 
and the coil turret is si milar .  The most 
significan t difference is that bias is 
con trolled by t he modulator, which is 
in series with the cathode ground 
return. 

Careful control of the tuned-circuit 
e lemen ts ensures good tracking between 
stages without fron t-panel trimmers. 
Minor detunings, resulting fro m the 
inevitable differences in configuration 

between oscillator and amplifier stages, 
are controlled to produce similar effects.  
For example, coil trimming capacitors 
used on the top two frequency ranges 
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are nominally identical , but they are 

nev rtheless reset automatically by the 
band-change mechanism to val ues 
established d uring factory align men t  of 
the instrument .  High-quality precision 

gear and tight control of runou t  in the 
common drive shaft are also importan t 
factors in achieving a tracking ac
c uracy that 1s typically 0.1 % in 
frequency. 

Instrument structure has a first
order effect on the stability, repro
d ucibility , and shielding integrity of a 
signal generator. The radio-frequency 
portion of the 1026 is built in a single 
large casting, with separate pockets for 
the individ ual stag s (Figure 6) . Power 
and modulation lead s are brought in 
through appropriate low-pass filters, 
shaft ar brought o u t  insulated through 
wave-guide-below-cutoff pipes, and 

Figure 6. Side interior view. The ganged turrets 
for the three tuned stages are in the right-hand 
compartments; the tube sockets for the amplifier 
and tuned buffer stages are visible in the upper 

two left-hand compartments. 
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the !�!Experimenter 
shield cover hav multiple finger 
for good onta t with double row of 
fingers in lect d "hot" locations. 
The ca ting upports the individual 
guillotine tuning capa ·itor and the 
preci ion g ar drive that couples them 
to th front-panel FREQUE CY control. 
All adjustment and tube are ac ible 
without major disa scmbly in a e of 
need for ervicing. 

Output System 

10 

The output of the modulated power 
amplifi r i detected by a ry tal diode 
who e de output i amplified and used 
to driv th ARRIER LEVEL meter. 
The detc ·ted output al o serv s as the 
input ·ignal to the feedback-leveling 
amplifier. The diod i f d from a 
compcn a ed voltage divider, which 
r duces the rf level to match th diode 
ratings yet still k p. it high enough 
for the diode to operate a· a linear 
peak detector. Th divider also isolates 
the diod omewha from the rf output 
and thus reduce the di tortion of the 
carrier 1 y the diode. The automati · 
1 veling makes a zero-impedance 
Thevenin gen ra tor at the driving 
point for he divider. A 50-ohm r i tor 
between this point and th ou put 
attenuator tablishes th sour ·e im
pedance in the maximum-ou put po. i
tion of th o 'IPUT RANGE selector. 

Adju tment of th level d output 
over a rang of up to 20 dB is achieved 
by the CARRIEH LEVEL control which 
varie the rcferen 'e voltage fed to the 
fe dback loop. Th uppermost (:) dB of 

thi range i used only in the 10-volt 
cw mode of op ration, and the lower
mo t -1 dB provide overlap betw en 
the 10-dB steps of the a tten ua tor and 
permit reaching the low-level limit 
of 0.1 mi rovolt. 

The resistive 10-dB-per-step attenua
tor includes th input switching re
quired to provide prop r impedance 
characteristics and straight-through 
operation with zero insertion los . After 
an impedance-matching 10-dB input 
section, the attenuator i a continuou 
100-ohm ladder. This provide a 50-ohm 

output impedance since the output 
always see the source and load seg
ments of the ladder connected rn 
parallel. Th extremely low vs WR of 
the output impedance (1 ss than 1.02 
over the whole frequency range) is 
due to close control of re istor values 
and of physical dim nsions, as well a 
of the ize and shape of the shield 
pocket in which the resi tors are 
locat d. At the output tap, special 
rotating shield member are used to 
prevent pickup of ray leakage from 
the input, which could r duce the 
accuracy of th attenuator at the 
extr mely high maximum in ertion loss 
of 1-10 dB. R i tor are aged and 
check d for stability to ensure long
term accuracy. 

Th high-level auxiliary output is 
taken from the monitoring point by 
way of a 10 :l divider and through a 

oaxial switch, which i olate the 
FREQUE� CY METER output connector 
from the input by over 1 00 dB when 
the auxiliary output is not required. 

Frequency Monitoring 

The 0.5-percent direct-calibration 
frequency accuracy of the 1026 is ade
quate for most applications; yet some 
measurem nts (e. g., those of steep-

ided filt r characteristics) do require 
even greater accuracy. The built-in 
crystal calibrator improves calibration 
by at lea t an order of magnitude. At 
exact multiples of 1 MHz, the frequency 
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can readily be determined to within 
0.01 % (the actual cry tal fr quency is 
accurate to 0.00 1 %) , but practical 
measurement must include allowan e 
for failure to set to zero beat and for 
short-term drift. In interpolation be
tween beat point , accuracy i typically 
better than 0.05%. 

Selectivity mea uremen t of narrow
band receivers mu t ometime be 
made directly at the signal frequencv 
rather than at the intermediate fre
quency. Since in this ca e the p r
centage bandwidth is small, it may be 
necessary to determine individual fre
quencies to the very high pr cision 
po ible with a counter. The special 
switching and shielding provisions asso
ciated with the high-lev 1 auxiliary 
FREQUENCY METER output have already 
been described. As an additional fea
ture for the u er who is annoy d by the 
noise radiated by ome counter , auxil
iary contacts on the FREQ E1-cY ALI
BRATOR witch permit automatic quiet
ing of the ounter when it is not 
actually required to count. 

The combination of the cry tal cali
brator and the high-level FREQ EK ·y 
METER output makes it po sible to use 

t -- � - --
I- - t ·--,_ --·-- -
I- -- J-- �,_0.01 dB I- -- ----- - - . . 

- I -
- --

-

� -
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the signal g nerator a a heterodyne 
frequency meter. An ext rnal ignal 
applied to the FREQ E CY METER con
n tor is mixed with th signal-genera
tor output in the same detector used 
for the crystal calibrator function, and 
resulting beats are amplified and deliv-

red to the BEAT o TP 'l' jack. The 
cry tal calibrator provides the accuracy 
required for many measurements, and 
the audible monitoring of signal quality 
often yields information that is com
pletely absent m a counter meas
urement. 

Leveling and Mod ulation 

Leveling of the output rf amplifier 
is now generally accepted a an essential 
convenience f ea tur in any modern 

ignal generator. It speed up the 
measurement proces by eliminating an 
operator adju tment, and it facilitate 

anning of a band to observe frequency 
re pon e characteristics. Sub tantial 
improvement in level stability at any 
gi en frequency can be achiev d a a 
useful byproduct of leveling. This 
amplitude stability, extrem ly impor
tant in prcc1 10n m asuremen ts of 
ins rtion loss, is hown in Figure 7. The 

- t � ---1- --
-

-
- -- I -

I - -- -
L - 1 - -

-+ --� - L 
-i I I -�>- I h- - I MIN r I I-� ,_ - f-- - :+ 
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I- f j I- � -- I 
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figure 7. Short-term amplitude stability. The peak amplitude of the envelope of a 400- MH:z carrier 
modulated 95% at 1 kH:z, recorded against time with line-voltage steps. 
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Figure 8. Modulation linearity: The en velope 
of a 400-MH:z: carrier modulated 95% at 1 kH:z: 
is shown with superposed modulation sign al. 
The oscilloscope troce of the 1- kH:z: modulation 
signol has been i n ten sity- modulated at a s y n
chronized 30 -kH :z: rate to a void m a sking of the 

modulation en velope. 

record of the detected mod ulation 
envelope vs time and line-voltage teps 
illustrates the stability of both carrier 

level and modulation dep th. 
The accuracy of leveling depends on 

the frequency characteristics of the 

detector used to sense the 1 vel changes, 

on the harmonic content of the sig1ial 

to be leveled and its effect on the 

detector response, on the magnitude of 
level changes that require compensa

tion, on the gain of the compensating 

loop, and on the tability of the de 

reference voltage. 
Signal harmonics are of ten ignored in 

leveling specifications. l\!Ioreover, in any 
circuit with adequate loop gain, their 

presence is not betrayed by the carrier 
level meter. In the 1026, appropriate 

filters reduce harmonics to at least 30 

dB below the carrier level. Leveling 
performance of the 1026 is shown in 

Figure 3. 
Loop gain cannot be increased in

definitely without loss of stable opera
tion. The relation of gain and phase to 

frequency must be carefu1ly controlled 

when many stages are enclosed in the 
feedback loop . For cw and audio

modulation operating modes, envelope 

feedback is used to reduce residual hum 

modulation and to provide low envelope 

distortion at high percentages of modu

lation. The corner frequency of the 

loop-gain roll-off is 600 Hz, permitting 

maximum gain for carrier-level stabil

ization, while still providing substantial 
negative feed back to reduce modulation 

envelope distortion in the normal audio 
range. In Figure 8, the input audio 

waveform is superposed on the rf 
envelope of a 400-MHz carrier modu

lated 95% at 1 kHz. 

Particular attention has been paid 
to stability of the reference voltage 

and of the frequency and amplitude of 

the in ternal 1-kHz oscillator, in order 
to max1m1ze the usefulness of the 
generator in precision loss measure

ments.  A portion of the 1-kHz signal 
i available for synchronization of 

o cillo copes or synchronous detectors. 

Figure 9- Wi de-ba n d  m odulation: The e n velope 
of a 400-MH:r; c a rrier modulated by a complex 
wa veform at a 50-kHx repetition rote is shown 
with superposed i nput m odulotion s i g n a l. The 
2-µs -durotion modulation peok is produced by the 
negati ve-goi ng portion of the i nput signa l. 
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The over-all system amplitude stabil
ity shown in Figure 7 includes the 
effects of the 1-kHz internal oscillator. 

The modulator consists of a signal
level comparator followed by a multi
stage error amplifier to provide the 
necessary gain and power to control 
the cathode current of the modulated 
power-amplifier tubes. One input to the 
comparator is provided by the signal 
detector after preamplification. The 
CARRIER LEVEL meter is connected to 
this input. The other input from the 
CARRIER LEVEL control consists of de 
only for cw operation or de with audio 
superposed for internal 1-kHz or ex
ternal audio modulation. The modula
tion level is monitored in terms of the 
audio voltage superposed on the carrier 
control voltage. 

In the WIDE-BAND mode of operation, 
long-time-constant networks are added 
to the feedback loop so that it cannot 
follow modulation-frequency voltages 
but can still stabilize the carrier oper
ating point on a de basis. The modu
lation voltages are then inserted at a 

Figure 10. Pul s e - modul ation characteristics: In (a), 
the e n v elop e  of a 10-MH:z carrier modulated b y  
a n  8 - µ s  pul s e  is shown together with the i n put 
pul s e. Rise a n d  f a l l  ti m es of 3 µs a n d  d e l a y s  of 
0.5 µs are e vident from the 2 µs/ cm graticul e. 
In (b), the e n velope of a 500-MH:z carrier modu
lated by a 2-µs pu l s e  is shown together with the 
i n put p u l s e .  Ris e  a n d  f a l l  tim es of 0.2 µs a n d  
d e l a y s  o f  0.4 µs a r e  evid e n t  from the 1 µs/ c m  
gratic u l e. I n  (c), a com posite picture shows a n  
o n -off ratio i n  exc e s s  o f  5 0  dB for a 500-MH:z 
carrier modul ated b y  a 2-µs pul s e. The upper 
trace shows the re sidua l sig n a l  as a thickening of 
the b a s e  l i n e; the l arge off-scal e  d efl ection 
d u ri n g  the 2-µs pul s e  period caus e s  apparent 
bla n ki n g  i n  the c e n ter of the trace. Th e lower trace 
shows the s a m e  pul s e  with the output attenuator 
s e t  for a 50-dB reduction in l ev e l. The peak am pli
tud e  of the lower trace is greater tha n  the interpu l s e  
a m plitu d e  o f  t h e  u pper trace, d em o n s trating 

a n  on-off ratio In exc e s s  of 50 dB. 

March 1967 

subsequent stage in the loop. A complex 
wide-band modulation signal and the 
associated modulation envelope are seen 
in Figure 9.  

In the P L. E mode, the pulses 
detected in the signal detector are 
stretched and converted to a de value 
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G or d  o 1 1  M c C o  u c h 

graduated from H arvard 
University in 1941  and 
obtained his MA i n 1948. 
. f ter a year with the 
Radio Research Labora
tory he went to England 
for the office of Scien tific 
Re earch and Develop
men t, l ater servi n g  as 
a Technical O bserver 
in con ine n tal i urope. 

L From 1 945 to 1 957 he 
wa wi th Aircraft Radio 

CorporaLion. Sin ce then he has been a 
member of the G R  Engineering Depart
m en t ;  he is now Section Leader re ponsi ble 
for the d esign of signal genera tors .  

He is  a Senior Member o f  IEEE and i s  
curren tly a member of the Sections Com
mi t tee of I EEE. 

corresponding to their peak amplitude 
before they are delivered to the ignal

level com para tor. Long-time-constant 
networks are added to the feed back 

loop i n  this mod e .  Thus, operating as a 
de amplifier,  the loop e tablishes a 

clamping level to which input pulses 
can drive the output amplifier . T hese 

input p ulses are inserted into the loop 

I 
M AGNETIC · -

j ust before the final po wer stage of the 
modulator. A typical pulse-modulation 

envelope is shown in Figure 1 0 . 

Power Supply 

I n  the 1 0 2 6 ,  power-supply dissipation 
present in conventional regulated sup

plie is minimized by a new preregu lator 
that controls the input to the primary 

of the power tran former (see Figu re 
1 1 ) .  This preregula tion stabilizes the 
heater voltages of all tubes, there by 
contributing to long-life performance, 
and red uces the swings that the elec

tronic postregulators have to accom
modate . The power dissipated in the 

instrument is only about 90 watts and 
is almost independent of input line 
voltage . The power upply operat 

satisfactorily ov r the 50-to-60-H z  line

frequency range and can be connected 
for either 1 1 5- or 230-volt operation . 

The preregulator,  like a conventional 
electronic regulator, compares an out
put de voltage with a reference and 
amplifies the resultant error voltage. 

+ 250 V TO P O W E R  A M P L I F I E RS 

POWER 
LI N E REG ULATOR � c H I GH VOLTAGE ELECT R O N I C  + 200 V TO 

O S C I L L ATOR 
R ECT I F I E R  I---

. 8 F I LTER POS T - R E GU LATOR 

CONTROL 
AM PL I FIER 

I c + 30 -VO LT 
E L ECTRO NIC RECTI F I E R 

POST- R EGULATOR 6 F I LT E R  

REFERENCE 
VOLTAGE 

I 
RECT I F I E R  � 8 F I LT E R  > - 1 2 - VOLT ELECTRONIC > RECT I F I E R  > El FI LT E R  

POST- R E G U L ATOR 

c 6 . 3 V AC 

Fig ure 1 1 . Block diagram of the power s u p ply. 

� 

i-... 

� 

+ 30 V TO 
MODULATOR 

- 1 2.4 V TO 
MODU LATOR S 

RF A S S E M B LY 

1026-9 
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L I N E  
VOLTAG E 

1 026- 1 

Fi g u r e  1 2 .  E l e m e ntary s c h em at i c  s h o w i n g  p r e 
r e g u l ator t a p - switc h i n g  s c h e m e .  

B u t ,  in tead of controlling a serie 

losser element, the ontrol voltage 

operates a magnetic amplifier that 

switches the input line between high

and low-voltage taps on the po wer

transformer primary , in such a way 

that the average o utp ut voltage is 

maintained at the desired val ue (see 

Figure 1 2) .  Actual ly, the high-voltage 

tap is al ways connected through a 
series inductor, which saturates and 

thu s has a low drop during the part of 

the cycle when it carries the line current 

M a rch 1 967 

to the high-voltage tap . D uring the re

mainder of the cycle , it floats across 

the portion of the tran for mer between 

primary taps and carries only magnetiz

ing current.  A t  this time, the line c ur

ren t is transferred to the low-voltage 

tap through the magnetic-amplifier in

ductor. 

Since only a portion of the trans

former primary is switched by this regu

lator, waveform di tortion is not severe, 

and the peak-to-rms ratio is not grossly 

altered.  Thus good regulation of both 

ac heater power and de o utput is 

realized . 

- G. P .  '.I CoucH 

A C K N O W L E D G M EN T S  

The close t collabora ion between t he author 
and S.  B rown Pulliam ha characterized the 
enti re developmen t of the 1 026 S ignal Genera
tor ;  the attenuator and the electrical design of 
the guil lotine tun ing capaci tors were con
tributed by A n d rew P .  Lago n .  

T E N T A T I V E  S P E C I F I C A T I O N S  
F R E Q U E N C Y  

R a n g e :  9 . 5  to 500 M H z  i n  6 ranges : 9.5 to 22, 
2 2  to 48, 48 to 1 08, 1 08 to 220, 220 to 20, 
and 400 to 500 M H z .  

M a n u a l  C o n t ro l :  M ai n  frequency con trol, spi n
ner knob with 1 00-division vernier dial ( 25 
turns per range ) drives main dru m-type dial . 
I lluminated scale indicates selected range. 
Parallax-free fiducial mark is adjustable for 
fine cal ibration.  Scales to 1 08 M H z  are linear. 
An uncalibrated tlf control spans typically 
±0.003 % at low end of range to ±0.0 1 5  Ya 
at high end ( actual spans may vary 2 :  1 depend� 
i ng on frequency range ) .  

Sca le C h a racteristics : 

Frequency Main kHz per Scale 
Range Scale Vernier Length 

( MHz )  Interval Division (in ) 
9.5-22 1 00 kHz 5 1 4 1.4  

2 1 .2-49.6 200 kHz 1 l 1 4 !4  

47.4- 1 1 1  500 kHz 2 .5  1 4 1,4 

1 00-220 1 .0 MHz 45-60 1 3  

2 1 6-430 2.0 M H z  80- 1 50 I O Y2 
400-500 2.0 M H z  1 50 4 

Ex tern a l  E l ec t r i c a l  F �n e  Freq u e n c y  C o n t ro l :  Ap
plied voltage of ±20 V do. varies frequency 
typically ± 0 . 04 %  at low end of range to 
± 0 . 2 �  at hig h  end ( actual variation may differ 
by 2 : 1  d pending on frequ ncy range ).  

Ca l i bration A c c u ra c y : ±0.5% di rect readi ng, 
after i nitial adj ustm nt of fiducial . vVi th 
i n ternal crystal alibrator, ± 0 .0 1 at 1 . 0-
M H z  i ntervals, typically ±0.05o/c by i nter
polation.  

Ca l i brat i o n  P r o v i s i o ns : I ntern al crystal fre
quency, a curate to ±0.00 1 Yc·, p rovides 
calibration at i n tervals of 1 and 5 M H z  over 
e ntire frequency range . Cali bration by external 
counter p rovided for by output of about 0 . 1 
to 1 V behind 50 n. When not needed, this out
p u  t can be disabled with > 1 00-d B isolation ; 
external cou nter can be simultaneously disabled 
by a contact closure provided to eliminate 
i n terference from the counter's i n ternal signals. 

Harm o n ic O u t p u t : At least 30 d B  below carrier. 

RF O UT P U T  

R a ng e :  C W ,  0 . 1 µV to 10 V behind 50 n, Y2 �r i nto 50 n ( - 1 33 to + 27 dBm ) ;  modu
lated, 0. 1 µ. v to 5 v behind 50 n ( - 1 33 to + 2 1  

1 5  
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d B m ) .  Load YSWR > 2.0 may restri t the max 
ou tpu t avail able at s >me frequencies. 

C o n t ro l : , tcp atten uator, 1 -lO d l3 in 1 0-d B 
tS teps, vol t<tge and d Bm ·alibrati on.  Continu
ous i n terpolati on with m tered l evel control . 

Meter Sca l e s : 0.3 to 1 .5 V, 1 .0 to 5.0 V, and - 1 :{ 
to + l d Bm .  'cale exte nsions ( i n  red ), for c w  
use mly, to. 10 V and to +7 d Bm .  

A c c u racy : l\/l ete ring, ± 5 %  t o  1 0  .l\1 H z ; above 
1 0  l\.1 H z ,  har monics an add ±:3 � and rectifier 
characteristic can add ± 2 3 .  A ttenuator, 
± L % ( ±0. 1 d B )  p •r step ; max a cum ulated 
error ±0.5 d B .  

R F  I n terfere n c e :  Leakage has negl igible effect 
o n  measurements of receiver sensitivity down 
to 0. 1 µ.V. 

L e ve l i n g : CW outpu t is held a t  p reset leve l to 
w i thin ±2% ( 0 . 2  d B )  u p  to 108 M H z  and to 
within ±5% (0.5 d B )  to 500 M H z  as f requency 
is varied, in · luding e ffects due to range swi tch
ing. E ffectiveness of leveli ng u nder modulated 
operation is a function of modulation mode and 
frequency. 

S ta b i l i ty : A t  any given frequency, in cw 
operation o r  i n ternal 1 -k H z  modu lation mode, 
and after 2-hour warmup, outpu't will typically 
remai n  constan t with in ± 0.0025 dB per 
m i n u te, or ±0.0 1 d B  over any 1 5-min pe
riod . Also under these conditions, vari ation due 
to ± 10% line-vol tage fluctuation is < ±0.005 
d B .  

E ffec t i v e  G e ne rato r Im p eda n ce ( at panel j ack ) :  
50 H resisti ve ; VSWR is < 1 .02 with output 
attenu ator set fo r 0 dBm o r  less. At higher 
outputs,  sou rce i m pedance viewed as Theven i n  
generator has a V S W R  < 1 . 2 .  

M O D U L AT I ON 

M o d e s :  

Amplitude :M od ulation is p rovided i n  four 
m odes : 1 .  Internal 1 k H z .  M odulation level adj ust
able 0 to > 95o/c and metered to within ±3% 
o f  reading ± 2 %  o f  f u l l  scale. E nvelope feed
back provi des leve l i ng and holds distortion to 
< 1 % at 50 Yo m odulation and < 3 %  at 80% 

modulation .  Modulating f requency, 1 k H z  
± 0 . 5  �; after 2-hour warmup stable to better 
than 0. 1 Yo over 8-hour period or for line-voltage 
variati ons of ± 1 0 % .  1 k H z  signal available at 
M O D  binding posts, abou t 2.5 V behin d  1 00 kn. 

2. External Audio . Response flat to de, down 
< 3 d B  at 20 k Hz . quare-wave response 0 to 
10 k H z ; rise and fall ti mes < 1 0 µs ; overshoot 
< 1 0 % ; rampoff negligi b l e .  M odulation level 

is adj ustable 0 to > 05 3 for de to 5-k H z  i nput, 
to > 50% at 20 k H z, and i s  metered to withiu 

±5, % of reading ±53 of fuJJ  scale for sine
vrnve i nputs from. 20 Hz to 20 k H z .  For 95% 
modu l ation < 3 V,  peak requi red i n to 3 k n .  
Envelope feedback provides leveli ng a n d  holds 
distortion at 50 Yo modulation to < 1 Yo u p  to 
1 k H z ,  < 5 Yo u p  to 1 0  k H z .  

:3 . Ext rnal \Vide Band .  M odulation level 
adj ustable 0 to > 80 o/c . Response Hat to ± 3 d B  
for 50- H z  to L .5-M H z  i n p u ts a t  carrier fre
quencies above 1 08 M Hz .  Ave rage carrier i s  
leveled a n d  metered, b u t  m odulation depth and 
l i neari ty shou ld be monit red external ly . For 
f u l l  modulation,  abo u t  0.5 to 3 .5  V ( depending 
o n  carrier frequency ) is required i nto 3 kU. 

4. Ex ternal Pulse. Required i np u t  pulses, at 
least 1 0  V peak, positive going ( max 30 V ) ;  
repetition rate 500 H z  to 1 50 k H z ; d u ration 1 to :{00 µ.s ( m i n  :3 µS o n  9.5- t o  22- M H z  range ) ;  
m ax 50 % duty ratio. I np u t  i mpedance 3 kn. 
Outp u t  pulse, du ration within ±0.5 µ.s of i n pu t ;  
rise and fal l  times < l µ.s each o n  all ranges bu t 
9.5 to 22 M H z  ( up to 3 µs ) ;  rampoff < 5 % .  O n
off ratio > :30 d B  and at max outp u t  setting of 
attenuator is typically > 40 d B .  Peak am pli
tude of pulses is leveled and metered to within 
± 1 dB added to accu racy specified for cw 
leveli ng. 

I n c i d e n ta l  FM ( accompany ing a-m ) :  < 1 ppm, 
peak, at 1 k H z , 50 % a-m . 

R e s i du a l  F M :  < 0.05 ppm, peak. 

R e s id u a l  A - M :  At least 70 d B  below carrier 
level in cw, i n ternal 1 kHz and external audio 
modes . 

G E N E R A L  

Power Requ i red : 105 to 1 25 or 200 to 250 V, 50 
to 60 Hz, 90 W. 
Term i n a l s :  RF and counter outputs are G R874 
Coaxial Connectors, recessed and l ocki ng ; for 
rapid conversion to other common types, use 
locking G R874 adaptors . Modulati o n  connec
tion is to front-panel binding posts and rear
panel multiterminal con nector.  Audio (BEAT) 
output from f ront-p anel telephone j ack . Elec
trical frequency control is through rear
mounted 1 2-pin connector. 

A ccess o r i es S u p p l ied : Type 87-i-R22LA Patch 
C ord ( GR874 to G R874 ), phone plug, 1 2-pi n 
con nector plug, CA P-22 power cord, spare fuses, 
hardware for bench and rack mou n ting.  

M o u nt i n g : Rack-bench cabi net. 

D i m en s i o n s : ( width x height x depth ) :  Bench, 19  x 1 7 �  x 1 5 ,7.i  in ( 4 85 x 450 x 390 m m ) ;  
rack, 1 9  x 1 7 %  x 1 3  i n  ( 485 x 445 x 330 mm ) . 

W e ig h t :  Net, 96 l b  ( 44 kg ) ;  shippi n g  ( est ), 1 80 
l b  ( 80 k g ) .  

Catalog 
Number Description 

Price 
in USA 

1 026-970 1 T y p e  1 026 Sta n d a rd - Si g n a l  G e n erator $6500.00 
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THE G U ILLOTI N E  CAPACITOR 

The frequency range between 200 
and 1 000 l\1 Hz presents special chal
lenge in the de ign of wide-range tuned 
circuits. Cavities become extremely 
bulky, and their ranges are difficult 
to extend by bandswitching techniques ; 
operation in both >../ 4 and 3 >../ 4 modes 

can extend the tuning range, especially 
to higher frequencies , as in the G R  1 3 60 
signal source, which tunes from 1 700 
to -1200 1\I H z .  Lumped LC circuits 

usually end up with larger ind uctance 
than is desired in the face of the 
inevitably signifi cant min imum capa
citances established by the active ele
ments required for power generation or 
amplificatio n .  For many years G R  has 
successfully employed the butterfly 
circuit , 1  an integral LC tuner, to provide 
tuning ranges up to 5 : 1  in the frequency 

• E. Karplus, " The Butterfly Circuit, " General Radio 
Experimenter, October 1 94 4 .  

) 

) 

range up to abo u t  1 000 M H z ,  but 
this circuit does not lend itself readily 
to maj or extension of frequency range 
by bandswitching. 

These considerations led to a re
examination of tuning-capacitor design 
d uring the development of the 1 026 
Standard-Signal Generator (see page 
3 ) . The result was a new design , a 
translatory-mo tion tuning capacitor 
consisting of a pair of stators and a 
sliding pl unger in p lace of a rotor 
( Figu re 1 ) .  Given this configuration and 
its sliding action,  it could not escape 
being nicknamed ' ' guillotine . ' '  As far 
as we know, previous efforts to build 

this type of capacitor have never been 
carried to successful commercial real
ization,  presumably because of the 
mechanical problems inherent in build

ing a s uitable carriage to support the 
plunger and in driving it.  

F i g u r e  1 .  T h e  g u i l loti n e  c a p a citor, a s  u s ed i n  t h e  1 026 Sta n d ard - S i g n a l  G e n erator. 
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N everthele , our prelimin ary work 

showed that we could build a on -ban d 

o illator to tune o at 1 a t 700 1\ I Hz 
with the guillo inc,  compared with a 

top fr q ue n cy of abo u t  500 l\1I H z ·with 
a rotary capacito r .  This wa the margin 
we ought in o rder to design for a 
i>00- 1 I H z  top frequen cy in our n w 

ignal genera tor.  The margin was 
needed to p rmit the added inductan ce 

r quired for band witching oil con
tacts and to a l lo w  for the trimmers 
nee ary to p rovide tra king of o cilla

tor and amplifier circuit witho u t  the 
need for operator trimmer adj ustment.  
Furthermore, the plate could be shaped 

to p rovide a l inear relation of fre
q uency to dial i nd ication without in ter

mediate cam for law conver ion , and 
the plates could be upport d at their 
ext remiti to minimize microphonics.  
The e advantages of the guillotin 
de ign persuaded u to tackle the a so
ciated mechanical p roblems. 

The guillo tine is a balan ·ed stru ture 
suitable for both ingle-ended-oscillator 
and pu h-pull-amplifier service with 
but minor differ n ces. Andrew P .  
Lagon of our engineering staff, who 
s ugge t d that we u e the guillotin 
con figuratio n ,  calculated th plate 
shapes to p roduc the linear tuning la w,  
which mo t u ers fin d  attractive be
cause c han nel allo ation within any 
one service are of uniform width and 

pacin g. Four ceramic rods of high
strength a lumina support the pair of 
stator o n  a , turdy aluminum base 

p late, which has been stabilized prior 
to final mach ining of critical surfaces . 
The ha e p late also carries a pair of 

hardened , vee-grooved rails with three 
stain less- teel bal l  that support the 
plunger carriag . One of the rails i 

spring-loaded to eliminate vertical and 

horizo n tal play in the carriage . The 
carriage is coupled to a rack ,  also 

u ppo rted by the ba e plate. The 
plung r an d  tator are soldered asse m
blie of p recision-tolerance fiat plates 
and grooved spacer rods.  

A reasonably large air gap (0.022 
inch ) and careful soldering to minimize 

plate d isto rtion make pos ible ve ry 
uniform capacitance characteristics 

from one unit to the next.  N everthele , 
the very tigh t tracking req uirements 
require adj u tmen t of each capacito r 
to a predetermined ched ule using 

a s gmented top plate o n  the plu nger.  
Trimming for tube-capacitance varia

tion is accompli bed bv an a uxiliary 
balanced apacitor who e stator plate 
are supported directly by the main 
guillotine stator support rods.  In order 
to minimize connection inductance , the 
t u be p late connectors are integra l  with 

the guillotine ,  and the pring con tacts 
that mate with the coil turre t  con tacts 
are supported at the narrow end of 
the stators . 

The stability and reproducibility 
required of the capacito rs for successful 

a p plication in the 1026 Signal Genera

tor were veri fi ed by extensive tests 

at several stages of evolu tion and on 
ubstantial n u mbers of capacitors built 

for the fi rst lot of signal genera tors. 

This low-ind uctance design result in 
such good tracking of the three tuned 
stages in the new signal generator that 

true single-dial fre quency control is 
now available to 500 M H z . 

- G .  P .  McCoucH 

A C K N OW L E D G M E N T S  

The s ucce sful design of the guilloti ne capa
ci tor was the result of cooperation between 
Andrew Laga n, Richard Mor tenso n ,  David 
Foss, and the author. 
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I n  coaxial measurements, it is often 

necessary to set u p  a short or o pen 
circuit at a specific point in a coaxial 

line.  How accurately that point, cal led 

th e reference p lane, is known is one of 

the most i mportan t characteri tics of 

a short- or o pen-circuit termination .  

The G R874 short- and open-circuit 

terminations (Figure 1 )  have been 

redesigned to establi h the reference 

plane more accurately and with less 

M a r c h  1 96 7  

�EW GR87� 
TERMIN�TIGNS 

variation with frequency. Lock ing ver

sions have al o been added . 

The o bj ective is to p lace the referen ce 

p lane exactly at the fro n t  face of the 

supp ort bead of the G R87 4 connector 

on the u nknown u nder test (see Figure 

2 ) . How well this o bj ective has been 

m t is clearly hown in Figure 3 ,  which 

compares the reference-plane deviations 

of the old and new o pen-circuit termi

nation . 

874-W0-2 

F i g u r e  2. Cr o s s - s e c 
ti o n  o f  m at e d  G RB74 
c o n n e ctors d efi n i n g  

refer e n c e  p l a n e .  

BR I DG E  O R  SLOTTED - LI N E  
C O N N ECTOR 

" U N K NOW N " COMPONENT 
CONNECTOR 

F i g u r e  3. T y p i c a l  refer
e n ce - p l a n e  - d e v i a t i o n  vs 
•re q u en c y  for o l d  a n d  

i ew T y p e  874- W O  O p e n 
C i r c u il Ter m i n ati o n s .  

2 3 4 
F R EQU E N C Y , G Hz 

5 6 7 B 
874-WO.I 

1 9  
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2 0  

the peri m nter 
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- J . Z o  z y  

1 D ha.mp , G. . , • • . i m p l  G raphical Analy i o f  a 
Two-Por \·V a egui9 . J u nction , "  Procecdino11 of the I RE, 
No. 42,  p , :'\1 y 1 91; I .  
i Referen ce D ta for Radio E'11rrineer11, 4 h Edi ion , I n t  r
n tional Telephone wid Telegraph or oration, New 

ork , p 4 ._ 

3 4 5 
F R E QUE N C Y ,  G H z  

6 7 

et Weiah t 

a 9 
'7.t.WOt..• 1 4  

Price 
in U A 

0874-9970 
0874-997 1 
0874-9980 
0 8 74-998 1 

T y p e  87 4 - W N  S h o rt - C ' r c u i·t T e r m i n a t i o n  1 o z  (30 g )  $4.50 
T y p e  87 4 - W N L  S h ort- C i r c u i t  T er min atio n  (loddn1g l 
T y p e  874 - W O  O p e n - Ci r c u i t  T erm i n at i o n  

T y p e  874- W O l  O p e n - C i rc u it Ter m i n a t i o n  ( locking)  
1 '/'l 0 %  ( 4 5  g )  
1 0% (30 g )  
t '/2 o z  ( 45  g )  

S . 1 5  
4 .00 
s .. 2s 
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