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the input frequency range could be 
compensated for by adjusting the re- 
sponse of the wideband amplifier. In 
the 207H Univerter, however, any de- 
parture from flat mixer response ap- 
pears as an asymmetry in the upper 
and lower halves of the overall response 

With the development of the 202H 
and 202J VHF Signal Generators, the 
design of an improved version of the 
207 Univerter was undertaken. Des- 
ignated the 207H, this instrument re- 
tains the basic conce t o€ earlier models 

features: 
1. An improved wideband mixer to 
permit operation with input frequencies 
above and below the local oscillator 
frequency . 
2. A redesigned local oscillator afford- 
ing better stability and low residual FM. 
3. A built-in 40 db attenuator to aid 
in making low-level measurements. - 4. An -hp- modular c to com- 
plement the 202H, and 

The 297W Univerter is 'basically a 
unity gain frequency converter cover- 
ing an output frequepcy ran e of 100 

gram of the principal functions. A 
local oscillator frequency sf 200 mc 
was chosen because i t  falls within ehe 
range of both the 202W and 202J 
Signal Gen~~ators ,  and because i t  is a 
convenient figure to use in determin- 
ing rhe Univerter output frequency for 
a known in ue frequency. The out ut 

the signal generatar input frequency, 
F,, as follows: 

while offering the P ollowing additional 

kc to 5 5  me. Figure 2 is a f lock dia- 

frequency o P the 207H, F,, is relate c f  60 

F, = 207H autpue frequency in me. 
B = Signal generaror input frequency 

in mc. 
If the Frequency Increment Dial i s  set 
at zero, the output frequency of the 
207H is simply the difference between 
the signal generator input frequency 

b and the 200 mc local oscillator fre- 
quency. 

When loaded with 50 ohms, the 
unity gain or X1 output level is within 

Flgure 1 .  Type 207H Univerfer 

+. I db of she signal generator input 
level in the operating ranges previously 
defined. The X,QZ output provides a 
signal level 40 db below that obtained 
at the X1 output and the High Output 
provides a minimum level of one volt 
for 0.1 volt input. The input, XI out- 
put, and X.01 output have a nominal 
impedance of 50 ohms and ehe High 
Output has a nominal impedance of 
300 ohms. 

MlXER 
Freviaus models a€ the 2Q7 Uni- 

verter were designed to operate only 
with input signals of a higher frequency 
than the local oscillator frequency. 

correct for mixer non-flatness for either 
input frequency range, but not for both 
ranges simultaneously. 

Two possible solutions for this prob- 
lem are: ( 1) a switching circuit to 
provide the proper compensation for 
each range, or ( 2 )  a mixer circuit 
which is sufficiently flat over the input 
frequency range. The latter approach 
was chosen. 

Figure 3 ( a )  is a schematic diagram 
of the mixer circuit employed in all 
previous models of the 207 Univerter. 
The signal generator input signal is 
fed to the cathode of a triode mixer 
and the oscillator signal if applied to 
the grid by means of a coil coupled 
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Figure 2. Functional Block Diagram - 207H 
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to the oscillator tank circuit. 
Figure 3 ( b )  is a simplified Norton 

equivalent circuit with the grid leak 
bias components and all but one of the 
interelectrode capacitances omitted. The 
output of the mixer is determined by 
the conversion transconductance g,, the 
signal frequency load impedance ZL and 
the grid to cathode voltage Vgk. V,r, 
however, is not always equal to the 
signal generator input voltage V,,, and 
the relationship between them is fre- 
quency dependent. At some frequency 
F,, series resonance occurs between Cgr 
and L,. For input frequencies near F,, 
V,, will be larger than V,, by a factor 
which depends, in part, on the Q of 
the resonant circuit. Because the series 
resonant circuit forms a feedback cir- 
cuit between the grid and cathode of 
the mixer, the actual resonant frequency 
is slightly higher than the natural re- 
sonant frequency. For the circuit of 
Figure 3 ( a ) ,  F, is 230 mc. This un- 
desirable resonance effect can theoreti- 
cally be eliminated by either shifting 
F, to a higher frequency (by reducing 
Cgr and Lc), or by reducing the effec- 
tive Q of the circuit to unity. These 
possibilities suffer from practical cir- 
cuit limitations which are difficult to 
overcome. 

A much better solution to this prob- 
lem would be non-resonant coupling 
from the mixer to the oscillator. Rather 
than add a buffer or cathode follower 
stage, an attempt was made to take the 
oscillator signal directly from the cath- 
ode of the oscillator tube. A small value 
of resistance in the cathode circuit 
would provide the RF voltage necessary 
to saturate the mixer and also discour- 
age mixer grid circuit resonance effects 
because of the low Q it presents. In 
addition, the mixer would be operating 
essentially in the grounded-grid con- 
figuration with respect to input signals, 
resulting in a lower input VSWR. 

The result of this development is 
shown in Figure 4. A 6ER5 VHF triode 

is used as a mixer because its transcon- 
ductance can be made to swing over a 
large range with a small change in 
grid voltage, thus providing a large 
conversion transconductance with small 
drive voltages. Approximately 3 volts 
rms of 200 mc signal is developed 
across a 15-ohm resistor in the oscillator 
cathode. The Q of the resistor varies 
from 0.6 at 150 mc to unity at 250 mc. 
The 100-ohm resistor in the cathode 
of the mixer provides a 50-ohm nom- 
inal input impedance. 

100 
= 50 ohms - R k  z,,, = - 

This formula neglects interelectrode 
capacitance and assumes grounded-grid 
operation. In prototype models, the 
maximum input VSWR is 1.7 at 255 
mc and the flatness over an input fre- 
quency range of 145 mc to 255 mc is 
approximately db total variation. 

200 M c  OSCILLATOR 
The Colpitts oscillator circuit of pre- 

vious Univerters has been, improved 
for use in the 207H. The modifica- 
tions are: 

1. Substitution of a Type 6AF4A tube 
for the Type 6C4. 
2. Use of a metalized glass tank coil. 
3. Temperature compensation for im- 
proved stability. 
The 6AF4A, designed to operate as a 
UHF oscillator, is more stable and has 
a higher transconductance than the 6C4. 
The metalized glass coil is far superior 
to conventional wire-wound coils in 

1fg-B.k I + ( O l ) ( l 0 0 )  

Figure 31aJ. Mixer Circuit Used 
In Previous Univerters 

Figure 3 I b l .  Simplified Equivalen,t 
Circuit of Figure 3faJ 
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this application. It is unaffacted by 
vibration and humidity and has a max- 
imum temperature coefficent of only 
20 parts per million per degree Centi- 
grade. Since the warmup drift is related 
to temperature rise inside the oscillator 
compartment, temperature compensa- 
tion can be employed. The frequency 
decreases with increasing temperature, 
thus, requiring a negative temperature 
coefficient capacitor. Best results are 
obtained using a grid blocking capaci- 
tor whose coefficient is -330 parts 
per million per degree Centigrade. All 
other fixed capacitors in the oscillator 
are of the NPO type. Figure 5 is a table 
of the drift characteristics of 207H 
prototype models. The specification al- 
lows a maximum drift of 10 kc 
(.005 % ) in any one-hour period or 2 
kc (.001% ) in any five-minute period 
after a one-hour warmup. 

The 207H oscillator circuit has two 
frequency adjustments. An uncalibrated 
Frequency Adjust trimmer gives a tun- 
ing range of approximately four meg- 
acycles to permit zero beating the 
oscillator with an external standard. 
This control is a recessed screwdriver 
type on the front panel. The Frequency 
Increment capacitor is controlled by 
the large knob on the front panel and 
permits a change in frequency of 300 
kc either side of the center frequency. 
The dial is calibrated in 5 kc incre- 
ments and the accuracy is -C ( 3% of 
the dial reading + 1 kc). 

The residual FM of the oscillator 
due to the 60-cycle power line frequency 
and 120-cycle power supply ripple is 
65 db below 10 kc or 6 cps deviation 
typically. 

u 

u 

WIDEBAND AMPLIFIER 
If the Univerter is to have unity 

gain at 50 ohms output impedance, an 
amplifier must be used to restore the 
power insertion loss of the mixer. A 
two-stage, low-pass filter coupled am- 
plifier with an output cathode follower 
is used. An additional low-pass filter 
section couples the mixer to the first 
amplifier. 

Each filter consists of a constant K 
pi section followed by an m-derived 
half section ( m  = 0.6) terminated in 
a resistance which is approximately 
equal to the characteristic impedance 
of the filter. The input and output 
capacitance of the amplifier tubes be- 
come the capacitance elements of the 
filter as shown in Figure 6. Small trim- 
mer capacitors of the glass piston type 



T H E  N O T E B O O K  
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parallel the tube capacitances and com- 
pensate for tube variations and com- 
ponent tolerances. The gain that can 
be obtained for a given bandwidth is 
limited by the input and output capac- 
itance of the tubes and the tube trans- 
conductance. In order to be useful in 
this circuit, a tube must have a large 
transconductance combined with small 
input and output capacitance. Both the 
6AK5 and 6688 used in this circuit 
are suited for wideband amplifier use. 
Variable resistors for gain control are 
placed in the cathode circuits of both 
amplifiers. One of these controls is a 
recessed screwdriver type on the front 
panel; the other is a locking potentio- 
meter located at the rear of the cast- 
ing. The 6AK5 amplifier stage pro- 
duces a maximum gain of 1.5, and the 
6688 has a maximum gain of 8.4. Al- 
though the 6AK5 gain seems quite 
small, it serves to isolate the relatively 
high input capacitance, of the 6688 
from the mixer output, and thus per- 
mits an additional 6 db  of gain in that 
stage. The final 6AK5 provides two 
outputs. It acts as a cathode follower 
to supply the 50-ohm unity gain out- 
put and as an additional stage of am- 
plification to supply the high level, 
300-ohm output from the plate circuit. 
The High Output must be loaded ex- 
ternally with a 10 pf capacitance if 
maximum output flatness is desired. 
(The resistance loading is not critical). 
Although the low-frequency limit of 
the 207H is specified as 100 kc, the 
response extends down into the audio 
range to facilitate zero beating the 
oscillator with a signal generator oscil- 
lator, using headphones or a VTVM as 
a null indicator. The premium quality 
6688 frame grid pentode not only pro- 
duces a large gain, but offers reliable 
operation and long life. The mixer and 
amplifier together provide flat response 
within t 0.7 db over the entire operat- 
ing frequency range. 

~ 

~ 

ATTENUATOR 
A mixer, followed by a wideband 

amplifier, has an inherently high out- 
put noise level. The noise power out- 
put is proportional to bandwidth within 
the passband of the amplifier. For the 
207H Univerter, the noise level at the 
unity gain output is a maximum of 
eight microvolts over a one-megacycle 
bandwidth. This corresponds to a noise 
figure of approximately 25 db. This 
noise level can be troublesome when 
making measurements with sensitive, 

u 
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wideband devices. A simple solution 
to this problem is the use of an atten- 
uator between the wideband amplifier 
and the device being tested at low 
signal levels. A 40-db attenuator for 
this purpose has been incorporated in 
the design of the 207H. 

Figure 7 shows the multisection fre- 
quency compensated attenuator which 
serves a dual purpose. It provides 3.5 
db  attenuation between the X1 output 
and the cathode follower output of the 
amplifier in order to obtain a low 
VSWR. It also provides a X.01 output 
which gives a level 40 db below the 
X1  output level. Output levels are spe- 
cified across a 50-ohm load connected 
to the output in use. Both outputs 
should never be loaded at the same 
time or a serious error in attenuation 
will result. 

The resistors used are half watt, one 
percent, carbon film types (MIL RN 
20X). The maximum possible error in 
attenuation due to the resistance toler- 
ance is * 0.4 db. Change in attenua- 
tion with frequency, due to the rising 
impedance of the 10-ohm resistors at 
high frequencies, is compensated with 
shunt capacitors. The total maximum 

.004% 

in attenuation, due to both ef- 
is approximately 1 db. Typical 

~a tors  have errors of less than 
b. The attenuator exhibits a rise 
tenuation above 55 mc. This is 
ible because the transmission of 
XIS signals above 55 mc is re- 
i. For instance, at 200 mc the at- 
tion is 60 db. The X1 output has 
tximum VSWR of 1.22 and the 

output has a maximum VSWR 
17. 
le attenuated output should be used 
naking measurements at levels be- 
1000 microvolts. The attenuated 
It noise power is less than the 

produced by a 50-ohm resistor 
)om temperature. Therefore, the 
output noise power is essentially 
that associated with the %-ohm 

ial resistance. 

POWER SUPPLY 
Two power supplies are available 

with the 207H Univerter, a 95-130 volt, 
60-cycle model and a 95-130 volt or 
190-260 volt, 50-cycle model. The dual 
voltage supply has a voltage changeover 
switch mounted on the power supply 
chassis. Both supplies employ resonant 
stabilizers for 2 1% voltage stabiliza- 
tion over the indicated range of input 
line voltages. The Bf is developed by 
a conventional voltage doubler circuit, 
using selenium rectifiers and a two- 
section, choke-capacitor filter. As a re- 
sult of voltage stabilization, the local 
oscillator frequency change, due to a 
1-volt change in line voltage, is less 
than 400 cycles. 

PHYSICAL CHARACTERISTICS 
The oscillator, mixer and amplifier 

are constructed on a silver plated brass 
plate mounted on an aluminum casting 
with a silver plated brass cover plate. 
The shielded attenuator subassembly is 
mounted to the side of the casting, 
while the regulated power supply is a 
separate chassis. The entire unit is 
housed in the new Hewlett-Packard 
Modular Cabinet. This cabinet matches 

$."i !;+ 
-L- _ L _  
I T .  r r .  

&ui ICin 

- - 
Figure 6. Wideband Amplifier Interstage Filters 

l Bypass and Coupling Capacitors Omitted for Simplicityl 
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the appearance of the 202H and 202J 
cabinets and permits stacking the 207H 
with either generator.. The simple addi- 
tion of flanges permits rack-mounting. 
The front panel layout of the 207H is 
designed to complement the appearance 
of the 202H and 202J front panels 
when the units are stacked. A short ac- 
cessory cable, Type 524A, is used to 
connect the signal generator output to 
the Univerter input. 

It is desirable to have the Frequency 
Increment Dial indicate the sense of 
output frequency change as well as 
magnitude. The sense is opposite for 
input frequencies above and below 200 
mc. To avoid possible confusion, the 
input frequency ranges are color coded 
to cQrrespond to the appropriate Fre- 
quency Increment Dial calibrations. 

OPERATION WITH 202H AND 2025 
The major advantage of the Uni- 

verter principle is the extension of the 
superior modulation characteristics and 
precision piston attenuator of the VHF 
signal generator to the lower frequency 
range. 

The 207H will reproduce the modu- 
lation of the 202H or 202J, with negli- 
gible distortion, provided the following 
precautions are observed. Care should 
be taken when using low carrier fre- 
quencies that significant modulation 
sidebands do not fall below 100 kc, 
otherwise severe distortion may result. 
The following simple rules will avoid 
this condition: 

Modalation-Lowest Permissible 
Output Carrier Frequency 

AM--100 kc plus Modulation 
Frequency 

FM-100 kc Modulation Frequency 
plus Deviation Frequency 

In addition, input amplitude mod- 
ulated signal levels should be kept 
below .05 volts for minimum envelope 
distortion. 

The X1 output level of the 207H 
Univerter can be read directly from 
the 202H or 2025 attenuator dial with 
an accuracy of * 1 db plus the accu- 
racy of the signal generator attenuator 
itself. In this way the 207H effectively 
extends the range of the 202H or 202J 
precision piston attenuator to cover 
frequencies of 100 kc to 5 5  mc. 

The stability of the output signal of 
the 207H depends upon the stability 
of the 207H local oscillator and the 
stability of the signal generator with 
which it is used. Much effort has been 

X I  OUTPU 

x 01 ourpu 

put into stabilizing the 207H local 
oscillator in order that rhe output fre- 
quency stability of the Univerter will 
be controlled almost entirely by the 
stability of the signal generator. Very 
little could be gained in output fre- 
quency stability with a crystal con- 
trolled local oscillator. In addition a 
crystal controlled oscillator would pre- 
clude the use of the Frequency Incre- 
ment capacitor for calibrated frequency 
deviations of * 300 kc. The drift 
specifications for the 207H refer only 
to the local oscillator and not to the 
output frequency. 

( 5% change in F,) = 
( % increase in Fl)  Fl -( % increase in FL) FL 

F. 

Fi = sig. gen. input freq. in mc. 
FL = local oscillator freq. in mc. 
F, =output freq. in mc. 

The percent change in output fre- 
quency is a function of the magnitude 
of input and local oscillator drift, the 
direction of the drift and the output 
frequency itself. It is possible. for the 
output frequency drift to be zero while 
both the input and local oscillator fre- 
quencies are changing. 

For some applications, especially at 
low frequencies, the output frequency 
drift may be larger than desirable. It 
is possible to lock the output frequency 
of the 207H to an external discrimi- 
nator using a simple AFC arrange- 
ment. The dc output of the discrimi- 
nator must be amplified for best re- 
sults and aplied to the DC FM INPUT 
of the 202H or 202J. Care must be 
taken to use the proper polarity of 
feedback signal. Figure 8 shows the 
recommended setup. The dc amplifier 
should have a high input impedance, a 
low output impedance, a polarity re- 
versing switch and a gain of at least 
15. Both the discriminator and ampli- 
fier should be as stable as possible. The 
time constant of the dc amplifier must 
be short enough to prevent “hunting” 
and long enough to prevent carrier de- 
modulation and the introduction of FM 

hum modulation. Experimentation may 
be necessary to determine the best .-. 
value for a given application. 

Spurious output frequencies from the 
207H Univerter result mainly from 
signal generator spurious outputs which 
are converted ro lower frequencies 
along with the desired signal and ap- 
pear in the output. 

The total harmonic distortion of the 
207H is less than 2.5% at a level of 
0.1 volts. The second and third har- 
monics are at least 30 db below the 

Stobl. DISCRIMINATOR 
IUN~ lo drsirad 
frequency 

1 .FREQUENCY CONTROLLED 
SIGNAL 

Figure 8. AFC Circuit Using 
External Discriminator 

fundamental for levels up to 0.1 volt. 
Approximately 200 microvolts of 200 
mc local oscillator signal appears at 
the unity gain output. Output fre- 
quency signal leakage is at least 60 db 
below the unity gain output level 
in the vicinity of the output panel 
connectors. 

The results of a series of environ- 
mental tests indicate that the 207H is 
capable of withstanding any shock, tem- 
perature and humidity conditions likely 
to be encountered in normal labora- 
tory use. 

e 
Figure 9. Typical 207H and 202H Setup 

i, 
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DEVIATION 

(kc) 

50 
75 
150 
250 
300 

SUMMARY and “REFERENCE FM SIG. GEN.”, 
together with the output designations 
“f, ,” and f, ,;’, should be interchanged. 
The Notebook is indebted to Mr. K. E. 
Farr of Jerrold Electronics Corp. for 
pointing out this error. 

CORRECTION 
The block diagram shown in Figure 

9, Page 5 of Notebook Number 33 is 
not correct as shown. The blocks desig- 
nated “FM SIG. GEN. UNDER TEST” 

-1 The 207H is a valuable accessory to 
the 202H and 202J Signal Generators. 
The three instruments together offer 
calibrated output levels with both AM 
and FM modulation over a frequency 
range of 100 kc to 270 mc. 

NULL ORDER 

1 2 3 

20,792 9,058 5,778 
31,188 13,587 8,667 
62,375 27,173 77,334 
103,959 45,289 28,889 
124,750 54,347 34,667 

New Techniques in FM Fidelity Measurements 
RICHARD N. SCHULTE, Prodaction Ewgineer 

INTRODUCTION 
Common methods of measuring a 

signal source FM fidelity involve the 
use of a receiver or detector with known 
fidelity characteristics. This article de- 
scribes a method of determining fidelity 
by measuring the deviation of an FM 
source as a function of a*constant am- 
plitude modulating signal, without de- 

‘pendence on the receiver’s fidelity 
characteristic. Any relatively good nar- 
row band AM receiver will suffice for 
the measurement since the fidelity re- 
quirement is not critical. 

In the absence of AM, the frequency 
spectrum of an FM signal shows the 
amplitude relationship between the car- 
rier and the various sidebands. The 
modulation index, m, is defined as 
Af/f,,,; where Af is the peak frequency 
deviation of the carrier from its center 
frequency, and fmol, is the modulation 
frequency. 

The various carrier and sideband 
amplitudes that result from values of 
m are related to the Bessel Functions 
of the first-kind, J. ( m ) ,  with order 
equal to n where nfmo, equals the 
separation between the carrier frequency 
and the sideband or spectrum compon- 
ent of order n. 

The carrier amplitude is E, = E,J, 
( m ) ,  the first-order sideband is El = 
E,J1 ( m ) ,  and the nth order sideband 
is E, = E,Jn ( m ) ;  where E, is the 
amplitude of the unmodulated carrier. 

BESSEL ZERO METHOD 
For years, frequency deviation has 

been measured by using the fact that 
the carrier amplitude, related to the 
Bessel Function J. ( m ) ,  goes to zero 
at certain values of modulation index 
(m= 2.405, 5.520, 8.653, 11.79, etc.). 
For this type of measurement all that 
is needed is an accurately known mod- 
ulation frequency source, and a receiver 
selective enough to precisely indicate 

- 

L 

 MODULATION INDEX) 

fat € , / E ,  in Absolute Values 
Figure 1 .  Amplitude Rat io 

the carrier null in the presence of a 
first-order sideband. The procedure is 
simply to tune to the carrier with no 
modulation present, and then increase 
the amplitude of the modulating signal 
until the desired nth order null is reached 
as indicated by the disappearance of 
the carrier, for the nth time’. For ex- 
ample, the deviation of an FM signal 
source can be set to 150 kc using the 
second-order Bessel Zero modulation 
index ( m )  of 5.520. In this case the 
modulation frequency used is 

150 kc nf 
f,,, = - - 

m 5.520 
= 27,173 cps. - 

Tuning to the carrier, without mod- 
ulation, and then increasing the ampli- 
tude of a 27,173 cps modulating signal 
until the second null is reached, will set 
the deviation of the signal source to 
150 kc. Table 1 contains frequently 
used Bessel Zero frequencies and result- 
ing deviations. 

The minimum receiver bandwidth 
that can be used with a VHF FM signal 
source of good stability limits the mod- 
ulation frequency to a minimum of 
about 5 kc. This puts a limit of approx- 
imately 12 kc on the minimum devia- 
tion that can be measured by Bessel 
carrier zeroes. On the other hand, nulls 

- m vs. E , / € ,  

above the 4th order become difficult to 
identify and precisely locate. This lim- 
itation is not serious, however, because 
most FM telemetry and entertainment 
receivers are quite flat, before de-em- 
phasis, from 50 cps to 15 kc. Most FM 
Signal Generators are also quite flat 
in this frequency range. 

5 
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REFERENCE 

GENERATOR 

BRC 225 

order sideband to carrier amplitudes 
fills this gap. The ratio under considera- 
tion, E1/E,, equals J1 (m) , ' Jo(m) ,  be- 
cause E1 = EoJl ( m )  and E, = E,J,(m) 
and therefore, EI/E, is a function of the 

modulation index ( m  = -) . There- 

fore, the actual deviation can be deter- 
minded since f,,, is known and m can 
be calculated from EI/E,, which equals 

m can be found in any table of Bessel 
functions of the first kind. When m is 
less than 0.5, a good approximation is 

Af 

f,,,",, 

Jl(m)/J.(m). If Jl(m)/Jdm) is known, 

m 
. For convenience, - _ -  JI  ( m )  

J.(m) 2 
m vs. J, ( m )  /Jo ( m )  is plotted in Fig- 
ure 1. The values of J l ( m ) / J o ( m )  or 
El/E,, for some of the more common 
modulation indices, are listed in Table 2. 

r I I I F /F 1 -,, -< 

rn A f ( k c )  f ,,,.,., (kc) RATIO I db 

100 I -11.7 

.Effects of AM Distortion 
For the sideband method to give ac- 

curate results, the FM spectrum can 
not be distorted by AM. Residual AM 
on an FM spectrum usually increases 
the amplitude of one sideband and de- 
creases the amplitude of the other, as 
shown in Figure 2. If the FM signal 
is distorted by incidental AM, the IF 
signal obtained by beating it with a 
local oscillator will also have AM dis- 
tortion. This distortion can be mini- 
mized by adjusting the relative RF 
levels of the AM distorted FM signal 
and local oscillator. If the distorted 
signal is made large enough to operate 
the diode in its saturated region, clip- 
ping by the diode will reduce the AM 
distortion. Reducing the AM content, 
while maintaining a constant IF ampli- 
tude, can be obtained by increasing the 
level of the distorted signal and de- 
creasing the level of the local oscillator. 

Receiver Requirements 
The receiver to be used must be 

selective enough to locate the carrier in 

fc-fmod fc fc+fmod 
Ondistorted FM Spectrum 

AM Distorting Spectrum 

FM Spectrum with Effect of AM 

Figure 2. 

the presence of first-order sidebands 
for modulation frequencies down to 
9 kc. Beating the RF signals to an IF 
carrier allows the use of a receiver with 
average selectivity. A receiver with ad- 
justable selectivity, such as the Ham- 
marlund SP-600, makes it possible to 
adjust the bandwidth as the modula- 
tion frequency varies. For example, with 
a 20 mc carrier and a 10 kc modulation 
frequency, the receiver must be able to 
distinguish the carrier (20  mc) from 
the first-order sidebands (19.99 mc 
and 20.01 mc).  At higher modulation 
frequencies, the spectrum components 
have wider spacing and the receiver 
bandwidth can be increased for easier 
tuning to the carrier and sidebands. 

The RF amplitude of the sideband 
carrier is indicated on a VTVM con- 
nected to the second detector output 
of the receiver, which should vary in 
a somewhat linear manlier with the 
signal. The meter does not measure the 

SIGNAL 
GENERATOR 

UNDER 

absolute amplitudes of the carrier and 
sidebands, but it is used to set and .-, 
match equal levels at the receiver in- 
put; therefore, its nonlinearity is not 
too important to the measurement. 

Sideband-to-Carr ier  Ratio 
There are many ways to measure the 

sideband-to-carrier ratio, two of which 
will be discussed. The first, and prob- 
ably the faster, shown in Figure 3,  uses 
step attenuators to determine the amount 
of attenuation needed to reduce the 
carrier amplitude down to the sideband 
amplitude. This gives the ratio E1/E, 
directly in decibels. 

The second method (Figure 4 )  uses 
a reference generator operating at the 
Intermediate Frequency, matching its 
output level (as indicated on the 
VTVM), to the levels of the carrier 
and sidebands. 

Using either method, the modulation 
signal applied to the FM generator 
must be held at a constant amplitude 
over the range of modulation frequen- 
cies used. 

Setting Reference Deviation 
The modulation signal amplitude is 

set for each carrier frequency to be 
tested by making a Bessel Zero cali- 
bration for the reference deviation be- 
ing used. Using a frequency counter, 
set the frequency of the modulation 
source ( -hp- 650A Test Oscillator). 
Tune the receiver to the carrier with 
no modulation, and then increase the 
amplitude of the modulation signal until 
the desired order null occurs. The null 
can be detected on the meter or with 
earphones using the receiver BFO. This 
amplitude of modulation signal will be 
used for the rest of the measurements 
and the results will be based on a 
known reference deviation. The refer- 
ence deviation can be set to 50 kc by 
setting the modulation signal amplitude 

ir 
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Figure 3. Fidelity Measurement - 

Step Attenuator Method 
Figure 4. Fidelity Measurement - 

Reference Generator Method 
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for the second-order Bessel Zero at a 
modulation frequency of 9.058 kc. 

= 9.058 kc Af - 50 kc 
fmod = - - ___ 

m 5.520 
After a Bessel Zero calibration is 

made for 50 kc deviation, it is now 
known that at a modulation frequency 
of approximately 10 kc, “X’  volts of 
modulation signal gives 50 kc devia- 
tion. Now that the amplitude of the 
modulation signal has been set, the 
fidelity measurements can be made. We 
want to know how the deviation will 
differ from 50 kc for “X’ volts of 
modulation signal at other modulation 
frequencies. 

Using Step Attenuators 
Referring to Figure 3, the ratio 

EI/E, is determined by the amount of 
attenuation needed to reduce the car- 
rier amplitude to the amplitude of the 
first-order sideband. The step-by-step 
procedure for making this determination 
is as follows: 
1. Calculate the theoretical value of the 
modulation index ( m )  for the devia- 
tion and modulation frequency being 
used. 
2. Using Figure lB, convert m to El/E, 
and set the step attenuators to a value 
at least 3 db greater than this value. 
3. Tune the receiver to the unmodula- 
lated carrier. 
4. Apply the modulation signal and 
adjust its level to the same value ob- 
tained for the reference deviation Bes- 
sel Zero. 
5 .  Adjust the receiver RF gain to give 
a convenient upscale reading on the 
VTVM. 
6. Tune the receiver to a first-order 
sideband ( F,f i- f,,,, ) . 
7. Reduce the step attenuator settings 
to give the same VTVM indication as 
for the modulated carrier. (The  -hp- 
355C step attenuator has 1 db steps, 
however, the VTVM reading can be 
interpolated to at least one-quarter db )  . 
8. The amount of attenuation removed 
to adjust the VTVM sideband indica- 
tion to the same indication as the car- 
rier, is the actual ratio, EI/E,, in decibels. 
9. This value, minus the theoretical 
value, is the departure of the signal 
source from a perfectly flat fidelity 
characteristic. 
10. Both upper and lower sidebands 
should be checked to make sure the IF 
signal is properly limited and not dis- 
torted by AM. If the amplitudes of the 
upper and lower sidebands are within 
1 db, the average can be used to deter- 

L A  

L 

mine the ratio E1/Ec. 
Checking the fidelity at f,,,, = 500 

kc, and Af = 50 kc, might produce the 
results shown in the following example. 
Under these conditions the theoretical 
modulation index is 

From Figure 1 or Table 2, for m = 0.10, 
El/E, theoretically equals 0.05, or 

The BRC Type 202J FM fidelity 
specification is * 1 db from 5 cps to 
500 kc, therefore at fmod = 500 kc and 
Af = 50 kc, a EI/E, ratio of -25 db 
to -27 db would be within limits. 

Suppose the ratio E1/E, was -26.5 
db. Since Figure 1 shows a nearly linear 
relationship between m and EI/E, at 
low values, if El/E, is one-half db 
( 6 % )  low, m would also be 6 %  low. 
Then, the actual modulation index 
would be 0.094 compared to the theo- 
retical value of 0.1. This means that 
“X” volts of modulation, which gave 
50 kc deviation at approximately 10 
kc, would not give 50 kc deviation at 
fmod = 500 kc, but would actually give 
6% less deviation or 
nf = f,,, = .094 x 500 kc = 47 kc. 

Using a Reference Signal 
The reference generator method uses 

the same IF and procedure for deter- 
mining modulation signal amplitude. 
In this set-up, Figure 4, the calibrated 
output of the reference generator is 
matched to the carrier and sideband 
amplitudes. The step-by-step procedure 
follows. 

1 .  Calculate the theoretical value of m 
for the deviation and modulation fre- 
quency being used. 
2. Convert m to El/E,. 
3. Tune the receiver to the unmodu- 
lated IF carrier of the beating RF 
signals. 
4. Apply the modulation frequency 
signal and adjust its amplitude to the 
level obtained for the reference devia- 
tion by the Bessel Zero calibration. 
5. Adjust the receiver RF gain to give 
a convenient upscale reading on the 
VTVM. 
6. Switch the receiver to the Reference 
Generator (tuned to the carrier fre- 
quency) and adjust the attenuator for 
the same vtvm reading as in step 5 .  
Note the attenuator setting. 
7. Switch back to the Beating Gener- 
ators and tune the receiver to the first 
upper (or lower) sideband. 
8. Adjust the receiver RF gain and/or 

-26 db. 

the VTVM range to get an upscale 
indication. 
9. Switch to the Reference Generator 
and tune it to the Sideband Frequency 
( F,f* fmod) .  Adjust the Reference Gen- 
erator attenuator for the same VTVM 
reading as for the sideband. (Note At- 
tenuator Setting. ) 
10. The ratio of the Reference Gen- 
erator attenuator settings (sideband 
amplitude divided by carrier amplitude) 
equals El/E,. The difference in atten- 
uator settings (on the decibel scale) 
also equals EI/E, in decibels. 
11.  Both upper and lower sidebands 
should be checked to make sure the IF 
signal is properly limited and not dis- 
torted by AM. If the amplitudes of the 
upper and lower sidebands are within 
1 db, the average can be used to deter- 
mine the ratio El/E,. 

As an example, for fmod = 200 kc 
and Af = 50 kc; m = 0.25. Referring 
to the graphs in Figure 1 or to Table 
2 ,  m = 0.25 results in a sideband-to- 
carrier ratio (El/E,) of 0.125 or -18 
db. Therefore, if the modulated carrier 
amplitude equals 2 K p v  (Step 6 ) ,  the 
first-order sideband should equal 2K 
pv X 0.125 = 250 pv (Step 9 ) .  

A fidelity specification of * 1 db 
at fmod = 200 kc means the sideband 
will be within -f 12% of its ideal 
values, or 220 to 280 pv, with m = .25 
and 2 I( pv carrier. Again, using the 
linear approximation of Figure 1, sup- 
pose the ratio of EI/E, measured 0.120; 
4 %  below the desired value of 0.125 
at f,,, = 200 kc. In this case, m would 
also be 4% low, but for “X’ volts of 
modulation signal at f,,, = 20C kc, 
the deviation would be 48 kc, or 4% 
less than the 50 kc deviation observed 
for “X’ volts of modulation signal at 
f,,, = 10 kc 

CONCLUSION 
The numerical examples used in this 

article are based on measurements 
made on the BRC 202J Telemetering 
Signal Generator. However, the concept 
of the sideband amplitude method of 
measuring FM fidelity is applicable 
to any frequency-modulated signal or 
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measured Q. A list of the persons who 
submitted 
below. 

? I  5 R. Haindel EDITORS NOTE 
Q Contest Winner 

- - -  
New York University 

A photograph of the display coil is 
shown here for those Notebook readers 
who did not see it at the show. The 
unusual configuration, consisting of two 
conical-wound coils wound inside a 
helical-wound coil, was devised by 
“Chuck’ Quinn, BRC Sales Engineer. 

these estimates is given 

Sabmitted By 
T. D. MacCoun 
Budelman Electronics Corp. 
J. H. Humphries 
Western Electric CO. 
“Nick’ 
Tarry Electronics 
D. Bickor 
Sperry Gyroscope Co. 
R. Lafferty 
Boonton Electronics Corp. 
R. Dormagen 
E. Stanwyck Coil Co. 
F. Kilkenny 
RCA Institute 
H. P. Hall 
General Radio Co. 
F. J. Logan 
NASA, Goddard Space 
Flight Center 

L 
The Q of the -coil displayed in the 

BRC booth at the 1963 IEEE show was 
313, as measured on the BRC Type 
260-A Q Meter. Two estimates of 313 
were actually submitted: one by Mr. 
Seymour Krevsky of RCA Surfcom 
Laboratory, and the other by Mr. E. A. 
Zizzo of the Polytechnic Institute of 
Brooklyn. In accordance with our con- 
test rules, a drawing was made and we 
are pleased to announce that the winner 
is Seymour Krevsky. It is also interest- 
ing to note that Mr. Krevsky was a near 
winner in 1957 and again in 1959, when 
his estimates were just a shade off the 
actual value. 

Nearly 1000 estimates were sub- 
mitted, ranging from zero to infinity. 
In addition to the 313 estimates, there 
were ten estimates within 1 %  of the 

Estimate 
310 

311.5 

312 

312 

312 

314 

314.16 

3 14.2 

315 
Q Contest Coil 

SALT LAKE CITY, Utah *ALBUQUERQUE, New Mexico 
NEELY ENTERPRISES 
6501 Lomas Blvd., N.E. 
Tel: (505) 255-5586 
TWX: 505-243-8314 

ENGLEWOOD, New Jersey *MONTREAL, P.Q., Canada 
H EW LETT-PACKAR D (CANADA) LTD. 
8270 Mayrand St. 
Tel: (514) 735-2273 

LAHANA & COMPANY 
1482 Major St. 
Tel: (801) 486-8166 
TWX: 801-521-2604 

RMC SALES DIVISION 
Hewlett-Packard Company 
391 Grand Ave. 
Tel: (201) 567-3933 *NEW YORK, New York 

RMC SALES DIVISION 
Hewlett-Packard Company 
236 East 75th St. 
Tel: (212) 879-2023 
TWX: 212-867-7136 
ORLANDO, Florida 
BCS ASSOCIATES, INC. 
601 N. Fern Creek Ave. 
Tel: (305) 241-1091 
TWX: 305-275-0422 
OTTAWA, Ontario, Canada 
HEWLETT-PACKARD (CANADA) LTD. 
1762 Carl ing Ave. 
Tel: (613) 722-8162 

ROBINSON SALES DIVISION 
Hewlett-Packard Company 
144 Elizabeth St. 
w. Conshohocken, Penna. 
Tel: (215) 248-1600 

*PHILADELPHIA, Pennsylvania 

TWX: 215-828-3847 

ASBURY PARK, New Jersey 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
1317 Railroad Ave. 
Tel: (201) 531-3150 
TWX: 201-531-1331 

*ATLANTA 5, Georgia 
BlVlNS & CALDWELL, INC. 
3110 Maple Drive, N.E. 
Tel: (404) 233-1141 
TWX: 404-231-4720 
BALT I M 0 RE, Maryland 
HORMAN ASSOC!ATES, INC. 
3006 W. Cold Spr ing Lane 
Tel: (301) 664-4400 

HARRISBURG, Pennsylvania 
ROBINSON SALES DIVISION 
Hewlett-Packa rd  Company 
Park Place Off ice Bldg. 
Camp Hi l l ,  Penna. 
Tel: (717) 737-6791 

YEWELL ASSOCIATES, INC. 
589 Saybrook Road 
Middletown, Conn. 
Tel: (203) 346-6611 

*HARTFORD, Connecticut 

TWX: 203-346-7433 
*HIGH POINT, North Carolina 

*SAN DIEGO, California 
NEELY ENTERPRISES 
1055 Shafter St. 
Tel: (714) 223-8103 
TWX: 714-276-4263 

+SAN FRANCISCO, California 
NEELY ENTERPRISES 
501 Laurel St. 
San Carlos, Cal. 
Tel: (415) 591-7661 
TWX: 415-594-8857 

*SEATTLE, Washington 
ARVA, INC. 
1320 Prospect St. 
Tel: (206) 622-0177 
TWX: 206-998-0733 

BlVlNS & CALDWELL, INC. 
1923 North Main  St. 
Tel: (919) 882-6873 
TWX: 919-883-4912 

*BOSTON, Massachusetts 
YEWELL ASSOCIATES, INC. 
Middlesex Turnpike 
Bur l ington, Mass. 
Tel: (617) 272-9000 
TWX: 617-272-1426 

*ST. PAUL. Minnesota 
*HOUSTON, Texas 

EARL LIPSCOMB ASSOCIATES 
3825 Richmond Ave. 
Tel: (713) 667-2407 
TWX: 713-571-1353 
HUNTSVILLE, Alabama 

CROSSLEY ASSOCIATES, INC. 
842 Raymond Ave. 
Tel: (612) 646-7881 
TWX: 612-551-0055 *PHOENIX. Arizona *CHICAGO, I l l inois 

CROSSLEY ASSOCIATES, INC. 
2501 W. Peterson Ave. 
Tel: (312) 275%00 
TWX: 312-222-0311 

*CLEVELAND, Ohio 
S. STERLING COMPANY 
5827 Mayf ie ld Road 
Tel: (216) 442-8080 

EARL LiPSCOMB ASSOCIATES 
3605 lnwood Road 
Tel: (214) 357-1881 

*DALLAS Texas 

TWX: 214-899-8541 

NEELY ENTERPRISES 
771 S. Scottsdale Rd. 
Scottsdale, Ariz. 
Tel: (602) 945-7601 
TWX: 602-949-0111 

*ST. LOUIS, Missouri 
HARRIS-HANSON CO. 
2814‘s. Brentwood Blvd. 
Tel: (314) 647-4350 
TWX: 314-962-3933 

BlVlNS & CALDWELL, INC. 
Tel: 205) 881-4591 
TWX: 205-881-1833 *PITTSBURGH. Pennsylvania 

s. STERLING’COMPANY 
4232 Brownsvi l le Rd. 
Tel: (412) 884-5515 

*INDIANAPOLIS, Indiana SYRACUSE, New York 
SYRACUSE SALES DIVISION 
Hewlett-Packard Company 
Pickard Bldg., E. Malloy Rd. 
Tel: (315) 454-2486 
TORONTO, Ontario, Canada 
H EW LETT-PACKAR D (CANADA) LTD. 
1415 Lawrence Ave. W. 
Tel: (416) 249-9196 

TUCSON, Arizona 

CROSSLEY ASSOCIATES, INC. 
3919 Meadows Drive 
Tel: (317) 546-4891 
TWX: 317-635-4300 

PORTLAND, Oregon 
ARVA. INC. 
2035 S.W. 58th Ave. 
Tel: (503) 222-7337 KANSAS CITY, Missour i  

HARRIS-HANSON CO. 
7916 Paseo Blvd. 
Tel: (816) 444-9494 
TWX: 816-556-2423 
LAS CRUCES, New Mexico 
NEELY ENTERPRISES 
114 South Water St. 
Tel: (505) 526-2486 
TWX: 505-524-2671 

*DAYTON, Ohio 
CROSSLEY ASSOCIATE 
2801 Far H i l l s  Ave. 
Tel: (513) 299-7002 
TWX: 513-944-0090 

*DENVER, Colorado 
LAHANA & COMPANY 
1886 South Broadway 
Tel: (303) 733-3791 
TWX: 303-292-3056 

RICHMOND, Virginia 
BlVlNS & CALDWELL, INC. 
1219 High Point  Ave. 
Tel: (703) 355-7931 
TWX: 703-359-5650 
ROCHESTER, New York 
SYRACUSE SALES DIVISION 
Hewlett-Packard Company 
800 Linden Ave. 
Tel: (716) 381-4120 

NEELY ENTERPRISES 
1317 15th St. 
Tel: (916) 442-8901 
TWX: 916-444-8683 

*SACRAMENTO, California 

3, I NC 

NEELY ENTERPRISES 
232 S. Tucson Blvd. 
Tel: (602) 623-2564 
TWX: 602-792-2759 

*WASHINGTON, D.C. *LOS ANGELES, California 
NEELY ENTERPRISES 
3939 Lankershim Blvd. 
North Hollywood, Cal. 
Tel  (213) 877-1282 
TWX: 213-769-4660 

*DETROIT, Michigan 
S. STERLING COMPANY 
21250 10-1/2 M i le  Road 
Southfield, Michigan 
Tel: (313) 442-5656 
TWX: 313-357-4615 

HORMAN ASSOCIATES, INC. 
941 Roll ins Ave. 
Rockville, Maryland 
Tel: (301) 427-7560 
TWX: 301-427-4651 

*Indicates Instrument Repair Stations 
+For instrument repair contact: Customer Service, Hewlett-Packard Company, 395 Page M i l l  Rd., Palo Alto, California, Tel: (415) 326-1755 
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