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Design of a UHF Q Meter 

CHARLES G. GORSS, Development Engineer 

With the intensive development pre- 
sently going on in the ultra-high fre- 
quency area of the frequency spectrum, 
the need for a Q Meter capable of meas- 
urements in this frequency range has 
become evident. It was inevitable that 
the task of designing such an instrument 
would be undertaken by Boonton Radio 
Corporation, pioneer in the field of Q 
Meter design. 

Q Meters presently in use are limited 
to measurements at frequencies below 
300 Mc. This limitation is due mainly 
to certain design characteristics inherent 
in these instruments which have pre- 
cluded the possibility of their use at - UHF; namely, the injection resistance 
does not remain constant, resulting in 
poor calibration at higher frequencies; 
high series inductance is introduced in- 
to the measuring circuit at higher fre- 
quencies; and the oscillator design is 
not suited to UHF operation. 

This article describes how these and 
other design problems were solved by 
the BRC Engineering Department dur- 
ing the course of the development of 
the new UHF Q Meter Type 280-A 
(Figures 1 and 2 ) , an instrument which 
measures Q from 10 to 25,000 over a 
frequency range of 210 to 610 Mc. 

Direct Reading, Self-correcting 
Q Capacitor 

The key to the development of the 
UHF Q Meter lay in the design of the 
Q capacitor, for without a workable Q 
capacitor, a UHF Q Meter would not 
be practical. A concept of a true reading 
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Figure I .  UHF Q Meter Type 280-A 

capacitance was selected for the Q ca- 
pacitor design in the UHF Q Meter. 

If a capacitor ( C )  has a series in- 
ductance ( L ) ,  which is characteristic of 
all capacitors, the equivalent capacitance 
(C,,,,) is given by the equation: 

1 
c,.,, = c x , where o = 

1-o2LC 
operating frequency times 2rr. 
In the usual case L may vary with C. 
For example, in a butterfly-type cap- 
acitor, L and C vary in the same direc- 
tion. In certain other type structures, 
such as the capacitor structure used in 
the BRC Type 190-A high-frequency Q 
Meter, L is almost constant. 

As an interesting possibility, assume 
that L will vary inversely with C, so 
that L times C is a constant. This is 
equivalent to the series resonant fre- 
quency being constant, and independent 

of capacitance. Then, at a given frequen- 
cy, C,.,, would be equal to a constant 
times C, and the error (difference be- 
tween C,.,, and C )  would be a constant 
percentage; this percentage being a 
function of frequency only. 

In this case, if the readout scale for 
C were made logarithmic, a simple 
single motion of the readout index 
would produce a constant percentage 
correction in the C readout, and the sys- 
tem would provide a true capacitance 
reading at any frequency level. 

Construction of the Q Capacitor 
Having established the fact that series 

L times C should be a constant and that 
the law of variation of capacitance 
should be logarithmic, a practical way 
of constructing such a device had to be 
found. With high Q as an objective, 
sliding contacts were ruled out because 
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they are known to introduce unwanted 
and unpredictable variable resistance. 
A logical solution was a two-stator 
capacitor with insulated movable plates 
meshing both stators. The plate material 
would need to be of highest conductiv- 
ity and the unit would have to be small 
and well shielded to prevent radiation 
loss. The constant series resonant fre- 
quency of the capacitor should be at 
least twice the maximum frequency 
of use. 

Using the relationship that the equiv- 
alent high frequency capacitance equals 
the low frequency capacitance times the 

factor (derived from 
1 

1- (:)2 
previous equation), where F equals the 
operating frequency and F, equals the 
constant series resonant frequency of the 
unit, the correction factor is 1.33 (when 
F/Fe = 1/2). This correction factor is 
quite high compared with the antici- 
pated accuracy of -I 5%. 

The constant L times C product sug- 
gested a capacitor with an average in- 
ternal path length which would decrease 
as the capacitance was increased. The 
two most likely motions to accomplish 
a varying capacitance are rotation and 
translation, with translation being de- 
fined as motion in a straight line, and 
rotation as the angular movement of a 
shaft about its axis. Translation was 
chosen for our purpose because it al- 
lowed the plate aTea to be moved toward 
the capacitor terminals at  the same time 
that the capacitance is increased. 

From the start it was obvious that 
binding posts, as we know them, would 
introduce too much inductance for the 
high resonant frequencies anticipated. 
Therefore, the plane of reference con- 
cept was' adopted, with the two capacitor 
stators presenting a common plane sur- 
face, separated by an air gap. The stator 
surfaces would be tapped for terminal 
screws which would be used for connec- 
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Figure 2. Block Diogrom - UHF 0 Meter 

tion of the components to be measured. 
However, the calibrated capacitance 
would appear at the reference plane only, 

These design requirements were met 
in the Q capacitor structure shown in 
Figure 3. The translator plates approach 
from the bottom allowing the effective 
path from the plane of reference to the 
capacitor to be advanced at the same 
time that the capacitance is increased. 
The curve on the rear section of the 
translator plates is designed to give the 
translator plates the logarithmic capa- 
citance variation required. The plane 
of reference is slanted 20' to allow the 
translator to approach the plane of ref- 
erence as closely as possible. This tilting 
device maintains the approach distance 
to a point where the inductance is kept 
low, and at the same time provides a 
heavier stator section for attachment of 
components. 

To give the reader some idea of the 
size of the capacitor structure in the in- 
strument, the total width of the plane 
of reference is only 0.5 inch, and the 
air gap between the high stator and the 
ground stator is only 0.020 inch. 

The electrical requirements of the 
capacitor were translated into mechanical 
dimensions by considering the structure 
to be a series of transmission lines of 
various impedance levels. The structure 
was then analyzed as a series of three 
transmission lines, one butted on to the 
next, with an open end and with a con- 
stant total length. The shaped transIator 
plates approach from the bottom (Fig- 

-.- 

ure 3 )  out of the rectangular ground 
stator which is large enough to contain 
the entire translator, except for two 
small support tabs. The resulting self- 
resonant frequency is around 2000 Mc, 
or higher than the two-to-one require- 
ment previously mentioned. The distance 
from the translator to the front terminals 
varies at approximately the proper ratio. 
The stators are wedge shaped to provide 
a larger section for the terminal screws 
and to give additional support to the 
structure. The entire unit is well shielded 
to prevent spurious resonant structures. 

Linear ball bushings are used to sup- 
port the translator plates so that there 
is virtually no play in the translator 
plates as they are moved toward the 
plane of reference. 

1-C Dial Correction 
The reason previously given for de- 

signing a capacitor with constant L 

L. 
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Figure 3. Q Capacitor - UHF Q Meter 
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times C, and for providing logarithmic 
capacitance variation was that the dial 
would be correctable by a constant per- 
centage at any given operating fre- 
quency, and that this percentage would 
be equivalent to a given angular rota- 
tion of the readout hairline with respect 
to the capacitance scale. This is accom- 
plished in the UHF Q Meter by pivoting 
the readout hairline for the capacitance 
dial on the same center as the capacit- 
ance dial. The hairline is rotated as a 
function of the frequency dial rotation 
by means of cam devices designed in 
accordance with the previously men- 
tioned correction formulae. Readout of 
effective RF capacitance is therefore 
automatically accomplished with the 
tuning of the oscillator. 

As an aid to computation, a concentric 
spiral logarithmic inductance dial is pi- 
voted on the same shaft as the capacit- 
ance dial. The spiral inductance dial 
and the capacitance dial are held to- 
gether by means of a friction disk. For 
each operating frequency used, there is 
an alignment of these two dials which 
results in the inductance scale reading 
that inductance which will resonate with 
the effective capacitance. The mechanics 
of driving the translating capacitor from 
a rotary shaft motion are accomplished 
by a conventional rack and pinion drive 
which is spring loaded to prevent back- 
lash. 

Circuit Coupling 
Input is inductively coupled to one 

side of the high scator and output is 
capacitively coupled to the opposite side 
of the high stator, with the high stator 
serving as a shield between the two. 
The output is a voltage probe and the 
input is a current probe. 

In order that the input coupling is 
only as much as is needed to give suit- 
able output on the voltage probe for a 
wide range of circuit Q conditions, the 
input coupling has been made variable. 
Output from the oscillator is terminated 
in the movable probe of a cut-off type 
piston attenuator. The movable probe 
is a 50-ohm termination, resulting in a 
low standing wave ratio on the oscillator 
output line. A small loop at the end of 
the attenuator tube couples to a 50-ohm 
line which in turn enters the Q capacitor 
enclosure. This line is shorted near the 
front terminals of the Q capacitor with 
a small loop which couples to the Q 
circuit. The entire 5O-ohm line is very 
short and nearly lossless and resonates 
at approximately 1400 Mc. Therefore, if 
the attenuator piston is decoupled, neg- 

ligible loss is injected into the Q circuit. 
The advantage of this scheme is that 
for low Q circuits, where loss is less 
important and high injection level is 
needed, the piston is closely coupled; 
and for high Q circuits, where low in- 
jection level is required, the piston with 
its resistive component is decoupled 
from the Q circuit. 

The voltage probe consists of a 1N82 
diode coupled very loosely by a capaci- 
tive probe to the high stator. This diode 
looks like 4500 ohms in parallel with 
0.5 pf capacitance. Voltage from the 
Q circuit is divided by a very small 
coupling capacitor providing a voltage 
ratio of 25 to 2, and resulting in a 
resistance ratio of 156 to 1. The diode 
appears across the Q circuit as roughly 
0.7 megohms, limiting the Q of the Q 
capacitor to somewhat over 3,500. This 
value is considerably higher than the Q 
of small components suitable for meas- 
urement at the Q capacitor terminals. 

Oscillator 
In order to circumvent the previously 

mentioned problems associated with 
measuring resonant rise in the UHF 
range, a different principle of Q meas- 
urement has been employed in the UHF 
Q Meter. This principle is derived from 
the well known relationship that Q is 
equal to the frequency of resonance 
divided by the bandwi‘dth from 3db 
point to 3db point on the resonance 
curve. This relationship is extremely ac- 
curate for values of 10 and above. 

A number of automatic methods for 
sweeping this bandwidth to provide an 
automatic Q readout were considered, 
but it is likely that these methods would 
complicate the instrument and render 
it less accurate and reliable. It was de- 
cided, therefore, that the most direct ap- 
proach to this type of Q measurement 
would be by manual, mechanical tuning 
of the oscillator. If this mechanical 
tuning were properly coupled to a dial, 
the dial itself could be made to readout 
Q directly. The oscillator frequency in 
this case would be an exceptional func- 
tion of shaft rotation, and a given an- 
gular rotation of the oscillator shaft 
would be the same percentage of the 
oscillator frequency, regardless of the 
shaft position. The oscillator vernier 
would be calibrated in Q, starting at in- 
finity and progressing down the Q 
range. 

To measure Q with this system, an 
operator would start a measurement 
with the vernier dial reading 00 at one 
3db point and then tune through re- 

sonance, stopping at  the other 3db point 
(Figure 4). The dial could be made to 
read Q directly. This system is simple 
and straightforward and a modulation 
system is not required. Use is made of 
basic mechanical elements which are 
necessary in an oscillator in any case, 
and the only additional requirement im- 
posed on the design is that the oscillator 
vernier be somewhat refined and cali- 
brated in Q. The indicator is a simple 
square-law diode detector, free of com- 
plex demodulator circuitry. This repre- 
sents a Q measurement broken down in- 
to its fundamental essentials. 

The oscillator frequency, as a function 
of shaft rotation, is very important in 
reading Q accuracy. The law must follow 
the general form: f = AeKB, if the Q 
dial calibration is to be accurate. There- 
fore, the oscillator structure should be 
repeatable. Two forms are apparent in 
which the frequency is controlled chiefly 
by mechanical parts: one employs tuned 
transmission lines and the other is a 
“butterfly” type construction. Both types 
employ a rigid mechanical resonator, but 
because the transmission line oscillator 
would tend to be noisy and cause fre- 
quency jumping over small motions, the 
“butterfly” type was chosen for this 
application. 

Figure 4. w Kesonance w r v e  

Vernier Tuning System 
Q can be measured by means of a 

gear reduction system on the oscillator 
shaft up to a point: however, when the 
motion of the gear drive is reduced to 
its most infinitesimal increment, this 
motion becomes erratic. This could be 
expected for the measurement of high 
circuit Q values. To avoid this problem, 
an independent vernier was devised for 
the measurement of Q values beginning 
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at 200. Basically, this fine vernier is 
achieved by rotating the entire butterfly 
stator by a micrometer driven torsion 
spring system, with the rotor shaft held 
fixed. The system is shown schematically 
in Figure 5. The disk represents the 
stator support and the four lines marked 
“S” are spring-tempered beryllium cop- 
per. These springs are stiff in a radial 
direction but permit rotation when the 
micrometer is advanced. The micrometer 
screw provides the precise uniform mo- 
tion required. The springs flex elastic- 
ally, in exact relationship to the micro- 
meter motion, so there is no lost motion 
or backlash in the system. 

The oscillator main drive is a double- 
ended shaft driven at right angles by a 
precision worm. Both vernier drives 
have a lock and a clutch between the 
shafts and the dials which are operated 
by means of front panel controls. 

Oscillator Output System 
In order to insure sufficient isolation 

between the test circuit and the oscil- 
lator, the oscillator output should be 
high. For the existing voltmeter sensi- 
tivity 0.1 watt would be sufficient for 
most cases. Because of the losses which 
may occur in makeshift external reson- 
ator couplers, it was decided that the 
oscillator output should be close to 1 
watt RF. This output is just high enough 
for most requirements, without sacrific- 
ing stability: 

The oscillator tube 4 s  a GENELEX 
DET22, with dc power handling capa- 
bilities of 10 watts. It is a planar type 
tube, and therefore has a very high 
series resonant frequency, assuring con- 
sistency of oscillator design and conse- 
quently uniformity of the law of fre- 
quency variation as a function of rota- 
tion (f = AeKO) from unit to unit. 
Ideally, a plot of 0 versus the log of fre- 
quency should be a straight line with a 
slope which is the same for all instru- 
ments. This slope is held within f. 15% 
of nominal for all instruments at all 
points on the curve from 2 10 to 610 Mc. 
Operating conditions of the butterfly OS- 
cillator tend to vary considerably across 
the band. In order to keep the power 
level in the oscillator tube reasonably 
constant, a constant current pentode is 
connected in the cathode returfi of the 
tube. This holds the current change with- 
in reasonable limits without a large 
series dc drop. The oscillator has been 
carefully designed to eliminate spurious 
parasitic resonances which might cause 
the output amplitude or frequency to 
change at a rapid rate and thereby affect 
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Figure 5. High Q r Tuning System 

the accuracy of the measurement. 

Mechanical Design Parameters 

Mechanical design parameters were 
derived from existing formulae for but- 
terfly resonators. These parameters did 
not accurately elevate the inductance in 
the minimum capacitance condition, 
when the rotating plates fill the open 
area. The final shape of the capacitor 
plates was arrived at by first designing 
from the best known formulae, and then 
correcting this shape on the basis of data 
taken from this structure. 

With nearly 10 watts being lost in 
the plate structure of the oscillator tube, 
it was necessary to provide excellent 
heat conduction from the plate to the 
general mass of metal in the stator, 
where it could be dissipated by radia- 
tion. The plate mount itself is a solid 
copper casting soldered fast to the 
butterfly stator. Ventilation around the 
outside of the oscillator is maintained 
at a relatively high level by the use of 
adequate clearance between the oscil- 
lator and other units in the instrument, 
and by means of perforations in the in- 
strument cabinet. 

Voltmeter System 
The output from the diode probe is 

approximately 20 microvolts dc when 
the resonant peak voltage is 0.025 volts 
rms. In order to work with this low 
voltage level, a high-gain dc amplifier 
was necessary. A photo-conductive chop- 
per amplifier circuit,l is used. This de- 
vice employs light-sensitive resistance 
elements. Light is interrupted periodic- 
1This circuit is similar to that which is used 
in the H-P 425A dc voltmeter. 

ally by a mask rotated by a synchronous 
motor. Sharply tuned filters are used to 
remove noise and synchronous detection 
is used to better the efficiency of re- 
covery. This unit can be operated on a 
50-cycle power source by merely chang- 
ing a plug-in filter unit. 

- 
Five steps of sensitivity have been 

provided by means of a front panel 
switch. The switch has five positions 
which equally divide the sensitivity 
ranging between 25 millivolts RF and 
250 millivolts RF fullscale. Each step is 
approximately 3 to 1 dc sensitivity. 
Since the detector is square law, a 100 
to 1 dc range represents a 10 to 1 RF 
level range. The switch steps, therefore, 
are roughly Sdb. 

If the Q to be measured is high and 
the test voltage is not critical, the least 
sensitive range would be used because 
the fluctuation noise is least and the 
response time of the voltmeter is shorter. 
At the higher sensitivities, the time of 
response is somewhat longer and zero 
fluctuation noise is noticeable. For very 
low Q devices, where it might not be 
possible to develop 0.25 volt across the 
resonator, maximum sensitivity would 
be used. 

Provisions for Measurement 
of External Resonators 

The coaxial cable which connects the 
oscillator to the Q capacitor and the 
cable which connects the dc voltmeter 
to the Q capacitor are jumpered at the 
rear of the instrument to allow for con- 
nection of external resonating devices. 
A suitable inductive probe connected to 
the oscillator output, to present a reason- 
able 50-ohm termination, could be used 
to lightly couple to the circuit under 
test and a small shunt diode could be 
used for the pickup. In ‘this manner the 
external resonator. would simulate, very 
closely, the internal resonator, and its 
Q and resonant frequency could be de- 
termined readily. 

This application represents a remark- 
able advance in the Q Meter art. Pre- 
viously, the Q Meter could only resonate 
on its terminals an4  therefore presented 
to these external resonating devices a 
non-reducible minimum shunt capaci- 
tance. With the UHF Q Meter the de- 
vices can be measured without signific- 
antly adding capacitance and changing 
the internal impedance of the external 
resonating device. In this respect, it 
would be well to point out that the 
UHF Q Meter has a lower minimum 
capacitance at its terminals (only 4 pf ) 
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than the previous Q Meters in any fre- 
quency range. 

W A more detailed discussion of ex- 
ternal resonator measurements will be 
given in Notebook Number 28. 

Power Supply 
A 300-volt, electronically regulated 

power supply furnishes all of the power 
for the oscillator and the dc voltmeter 
circuit. Power voltages for the voltmeter 
are supplied through dropping resistors. 
Two regulated filament dc power sup- 
plies are required: one for the oscillator 
which has common cathode and heater 
connections, and the other for the 
constant-current pentode and low-level 
stages in the dc voltmeter. These dc sup- 
plies are transistor regulated with a dc 
Zener diode reference. Two 6.3-volt ac 
supplies are provided for noncritical 
filament and bulb lighting. 

Conclusion 
Development of the UHF Q Meter 

Type 280-A has brought about a num- 

ber of significant advances to the Q 
Meter measurement art. First, it has 
made possible the direct reading, with- 
out correction, of Q, inductance, and 
capacitance. Second, the frequency range 
for Q measurements has been extended 
to 610 Mc. Third, the resonant voltage 
has been lowered from approximately 
several volts, which was a function of Q, 
to 0.025 volts, which is constant for a 
measurement; opening the field for 
measurement of semiconductor devices 
and other non-linear impedances. Finally, 
a unique means has been provided for 
measuring the Q of external resonators 
with Q s  up to 25,000, with negligible 
circuit loss due to the measurement. 

Specifications 

RADIO FREQUENCY CHARACTERISTICS 

RF Range: 210 to 610 MC 
RF Accuracy: "3% 
RF Calibration: Increments of approximately 1 Yo 
RF Monitor Output: 10 mv. minimum into 50 ohms* 
* at frequency monitoring iack 

Q MEASUREMENT CHARACTERISTICS 
Q Range: 

Total Range: 10 to 25,000** 
High Range: 200 to 25,000 
Low Range: 10 to 200 

* 10 to approx. 2,000 employing internal resonating 
capacitor 

Q Accuracy: f 20% of indicated Q 
Q Calibration: 

High Q Scale: Increments of 1-5% up to 2,000 
Low Q Scale Increments of 3-5% 

INDUCTANCE MEASUREMENT CHARACTERISTICS 
L Range: 2.5 to 146 mph* 
* actual range depends upon measuring frequency 
1 Accuracy: f 11 to 15% 
* accuracy depends upon resonating capacitance 

L Calibration: Increments of approx. 5% 

RESONATING CAPACITOR CHARACTERISTICS 
Capacitor Range: 4 to 25 ppf 
Capacitor Accuracy: 2 (5% 4- 0.2 ppf) 
Capacitor Calibration: 0.05 pNf increments, 4-5 fiuf 

0.1 ppf increments, 5-15 wpf 
0.2 ppf increments, 15-25 ppf 

MEASUREMENT VOLTAGE LEVEL 
RF Levels: 25, 40, 80, 140. 250 mv. nominal* 
* across measuring terminals 

PHYSICAL CHARACTERISTICS 
Mounting: Cabinet for bench use; by removal of 

end covers, suitable for 19" rack mounting 
Finish: Gray wrinkle, engraved panel (other finishes 

Dimensions: Height: 12-7/32" Width: 19" Depth: 17" 
Weight: Net: 72 Ibs. 

POWER REQUIREMENTS 
280-A: 105-125/210-250 volts 60 cps 140 watts 
280-AP: 10$-125/210-250 volts; 50 cps: 140 watts 

available on special order) 
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A VHF Telemetering Signal Generator System 

WILLARD J. CERNEY, Sales Engirteer 

The Type 202-G FM-AM Signal Gen- 
erator and the Type 207-G Univerter 
(Figure 1 ) were designed specifically 
for measuring the performance of tele- 
metering systems and equipment.' With 
a frequency range of 195 to 270 Mc, 
the 202-G Signal Generator is ideally 
suited for checking telemetering recei- 
vers since this frequency range com- 
pletely blankets the recently extended 
215 to 260 Mc telemetry band. The 
207-G is a unity gain frequency con- 
verter which is used in conjunction with 
the 202-G to provide additional fre- 
quency coverage of 0.1 to 55 Mc in the 
intermediate frequency range.2 

Description of the Type 202-0 
A functional block diagram of the 

Type 202-G FM-AM Signal Generator 
is shown in Figure 2. The instrument 
consists essentially of an oscillator, a 

1. H. J. Lane. "A Telemetering PM-AM Si$nal 
BRC Notebook Number 2 1, Spring. 

2. The 207-G may also be used to extend the fre- 
uency ranges of the Types 202-D and 202-P 

Generator, 
1959. 

Zignal Generators. 

Figure 1. Rack Mounted View of 202-6 and 
207-6 

reactance modulator for FM, a pair of 
frequency doublers, an audio oscillator, 
a regulated power supply, an output 
network, and associated monitoring 
meters. 

When a voltage is applied to the grid 
of the reactance tube, a proportional 
shift in frequency is accomplished. This 
modulating voltage is applied to the FM 
terminals and coupled through a net- 
work to the grid of the reactance tube. 
The band pass of this network is 30 cps 
to 200 kc. Modulating voltage may be 
selected internally from any one of 
seven standard RDB subcarrier frequen- 
cies, or from any suitable external oscil- 
lator capable of furnishing frequencies 
in the range of 30 cps to 200 kc. AM 
may be obtained by means of a front 
panel internal modulation switch which 
places the audio signal on the screen 
grid of the second doubler tube. Simul- 
taneous AM and FM may also be ob- 
tained by using an external oscillator. 

The RF unit in this instrument is 
mounted on a rugged aluminum casting 
and is thoroughly shielded. This results 
in excellent stability, low leakage, and 
reliability. 

The instrument is designed for bench 
use or for installation in a standard 19- 
inch rack. All of the operating controls 
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are arranged in convenient functional 
order. on the front panel. All calibrated 
controls are direct reading. 

Description of the Type 207-G 
A functional block diagram of the 

Type 207-G Univerter is shown in Fig- 
ure 3. The instrument consists essenti- 
ally of a mixer, a local oscillator with a 
nominal center frequency of 195 Mc, 
two broad-band amplifiers, an output 
stage, and a power supply. Input from 
the 202-G Signal Generator is fed into 
the mixer from which is subtracted the 
output frequency of the local oscillator. 
The resulting difference signal is then 
separated by filtering and amplified. 
The second stage amplifier drives the 
output stage which is a cathode follower 
used to provide a suitable source im- 
pedance. Like the 202-G, the 207-G 
may be operated on a bench or installed 
in a standard 19-inch rack. All operat- 
ing controls are located on the front 
panel. 

Interconnection of Types 202-G 
and 207-G 

The frequency range of the 202-G 
Signal Generator may be extended to 
provide intermediate frequencie of 0.1 
to 55 Mc by interconnecting the instru- 
ment with the 207-G with the output 
and patching cables furnished with the 
instruments, as shown in Figure 1. The 
Type 50 1 -B Output Cable is connected 
to the 207-G unity gain output and the 
Type 502-B Patching Cable is connected 
between the 202-G output and the 207- 
G input. Thpse connections reproduce 
the FM and AM characteristics of the 
202-G at the 207-G output. 

A Type 509-B Attenuator is supplied 
with the 207-G for use in cases where 
the signal level required is low com- 
pared to the constant noise level of the 
207-G. Used at the output of the 207-G, 
the 20-db pad attenuates both the signal 
level and constant noise level. This per- 
mits the use of a higher input signal 
from the 202-G thus improving the 
signal-to-noise ratio. 

Applications 
The Type 202-G Signal Generator 

and Type 207-G Univerter, when used 
together, provide a signal generator 
system especially suited for measuring 
performance and aligning VHF tele- 
metering equipment. Some of the major 
applications of this system are listed 
below. 
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Figure 2 .  Block Diagram - Type 202-6 

1. Receiver Alignment - The system 
may be used to check and align IF and 
RF amplifiers and local oscillators. Track- 
ing may also be checked in cases where 
VFO equipment is used. RF checks are 
performed with the 202-G and IF checks 
are performed with the 207-G and 202- 
G interconnected. 
2. Receiver Bandwidth Measurements- 
The calibrated output system in the 
202-G makes the instrument a conven- 
ient tool for performing normal band- 
width measurements. These measure- 
ments are made by first disabling the 
AGC in the receiver and then determ- 
ining the half-power points on the re- 
sponse curve. Through the use of a 
precision backlash-free gear train, ap- 
proximately 2,200 vernier logging divi- 
sions are provided to aid in making 
frequency measurements. Each logging 
division changes the output frequency 
approximately 34 kc. The minimum 
bandwidth that can be measured with- 
out use of the 207-G is determined by 
the required accuracy of the bandwidth 
measurement. For example, if the re- 
quired accuracy of the measurement is 
approximately lo%, then the minimum 
bandwidth directly readable from the 
202-G would be 350 kc. If the band- 
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Figure 3. Block Diagram - Type 207-G 

width is narrower or requires greater 
accuracy, it will be necessary to measure 
the bandwidth of the IF amplifiers at 
intermediate frequencies, using the cali- 
brated dial on the 207-G. This tech- 
nique is usually acceptable, since the IF 
amplifiers generally control the overall 
bandwidth of the receiver. 
1. Receiver Sensitivity Measurements- 
To  fully analyze FM receiver perform- 
ance, three measurements must be made. 
These are maximum sensitivity, quieting 
sensitivity, and deviation sensitivity. 
The 202-G provides a calibrated output 
of 0.1 pv to 0.2 volt which is ideally 
suited for these measurements. Maxi- 
mum sensitivity is generally defined as 
the minimum amount of a specified 
carrier with a standard modulation that 
will produce a standard output with all 
controls set for maximum gain. In mod- 
ern telemetering systems, it is not un- 
common to have receivers with sensitivi- 
ties of 0.5 pv or better. Quieting sen- 
sitivity is usually specified as the mini- 
mum unmodulated carrier signal re- 
quired to reduce the output noise by a 
specified amount below the output with 
standard test modulation. A typical re- 
ceiver required 3 pv to attain 20 db 
and 5.5 pv to attain 30 db of quieting. 
A deviation sensitivity test is the meas- 
urement that characterizes the discrimi- 
nator. This measurement is generally ac- 
complished by having a specified car- 
rier level, with minimum deviation, pro- 
duce a standard test output signal at the 
discriminator with all controls set for 
maximum gain. 
4. Receiver A G C  Characteristics - 
Generally the telemetering receiver de- 
tects fluctuating RF signals from the 
telemetering transmitter due to the rela- 
tive motion between the receiver and 
transmitter. Because of the motion prob- 
lem, good AGC response and control are 
necessary to insure reliable reception. 
The fact that the 202-G has a continu- 
ously calibrated RF signal output which 
can be continuously varied, makes this 
instrument particularly suited for meas- 
uring the AGC level and response. The 
AGC level is determined by feeding a 
predetermined RF level into the receiver 
and measuring the amount of dc level 
in the AGC circuit. Normally, AGC 
time response is checked using a low- 
frequency square wave to amplitude 
modulate an RF source of a predeter- 
mined level and observing the rise time 
of the AGC voltage on an oscillograph 
or oscilloscope. 
5. Recovered Audio Distortion - The 

~ 

i 
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signal generator system may be used to 
measure distortion on recovered audio 
in TCM (tone code modulation), PM 
(phase modulation), and other overall 
systems. This determination would nor- 
mally be made with a distortion ana- 
lyzer, such as the H-P 330B, connected 
to the output of the receiver under test. 

6. P d s e  Reseome Check - Occasion- 
ally in PAM (pulse amplitude modula- 
tion), PCM (pulse code modulation), 
and PDM (pulse deviation modulation) 
types of modulation it is important to 
know the overall pulse response of a 
receiver. If excessive delay, rise time, 
fall time, and overshoot occurs with the 

’ 
recovered data, the overall data handling 
capability of a system is adversely af- 
fected. The pulse response check is ac- 
complished by using a square-wave gen- 
erator to modulate the 202-G and ob- 
serving the output pulse on a good 
oscilloscope. 
7. System Performance Check - By 
modulating the 202-G with an external 
subcarrier generator, the overall per- 
formance of a complete data system may 
be checked. A check of the system can 
also be made to determine. system reli- 
ability versus signal and modulation 
level. The modulating signal may also be 
recorded and compared with the re- 
covered data. 

MEET O U R  REPRESENTATIVES 
Instrument Associates, Inc. 

The main sales offices of Instrument 
Associates, Inc. are situated in Arling- 
ton, Massachusetts, in close proximity to 
Massachusetts’ famous “electronics high- 
way” (Route 128). Organized in 1955 
by James F. McCann the company has 
continued to expand its operations to 
keep pace with the growth of the elec- 
tronics industry in the New England 
area. In 1956, to meet the ever-increas- 
ing demands for competant applications 
engineering assistance, Instrument As- 
sociates, Inc. established a sFcond sales 
office in Hartford, Connecticut. Com- 
pletely modern, well-designed, and well- 
staffed facilities in both locations in- 
clude general sales offices, sales order 
dppartments, display and demonstration 
Areas, seminar rooms, and fully-equipped 
engineering service laboratories. Cus- 
tomer applications engineering service is 
available from factory-trained field en- 

’ 

.. - 
Instrument Associates, B e .  Headquarters in 

/ Arlington, Mass. 

gineers who serve the states of Maine, 
Vermont, New Hampshire, Massachus- 
etts, Rhode Island, and Connecticut. 

Important past experiences in various 
positions have aided “Jim” in evolving 
his company’s concept of “sales through 
service”. After securing his BSEE degree 
from Tufts University, he pursued grad- 

James F. McCann 

uate studies in Business Administration 
at Boston University. His engineering 
career started at the General Electric 
Company where he spent seven years as 
design and development engineer. The 
next two years involved government 
sales with the same company. A com- 
missioned officer in the United States 
Navy, he served in both World War I1 
and the Korean War. 

We at BRC are proud of our associa- 
tion with Instrument Associates, Inc. 
and salute them for their continuing 
record of faithful service to our many 
customers in the New England area. 

2 7 5 4  As A Bias Supply 
for Making Transistor 

Measurements on the RX Meter 

The 275-A Transistor Test Set not 
only provides a highly accurate source 
of measurement for a o, Po, and hib, but 
can be used to furnish IE and VC, bias 
for measurements on the RX Meter. The 
power supplies in the 275-A are ideal 
for this purpose because they are con- 
tinuously variable, well regulated, and 
easily reversed. In addition, both IE and 
VCB are monitored with an accurate 
meter and the voltages are readily ac- 
cessible f r o m  t h e  f r o n t  pane l  tes t  
terminals. 

When operating the 275-A in this 
manner, it is advisable to remove .the 
1000-cps signal superimposed on the E 
and B terminals, as this signal may cause 
an indefinite null on the RX Meter. The 
signal is easily removed by connecting 
a suitable capacitor; e.g., 30 pf with a 
minimum working voltage of 15 vdc, 
across the E and B test terminals, and 
setting the a -hib-P Selector to the .9 - 
1.0 a range. The positive terminal of 
the capacitor must be connected to the B 
terminal on the 275-A when the NPN- 
PNP switch is in the N P N  position, and 
to the E terminal when the NPN-PNP 
switch is in the PNP position. 

A detailed discussion of a method for 
determining transistor parameters using 
the Transistor Test Set Type 275-A and 
the RX Meter Type 250-A is presented 
in Notebook Number 26. 

ARVA, INC. NEW BRC 
SALES REPRESENTATIVES 

Boonton Radio Corporation is pleased 
to announce the appointment of ARVA, 
Inc. as sales representatives for BRC in 
the states of Alaska, Washington, Ore- 
gon, Idaho, and Montana, and the West- 
ern Canadian Provinces of British 
Columbia, Alberta, Saskatchewan, and 
Manitoba. Headquarters of ARVA, Inc. 
is located in Seattle, Washington. Other 
sales offices are located in Spokane, 
Portland, and Vancouver, D. C. Canada. 
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EDITOR'S NOTE 

Hewlett-Packard S. A. 
Appointed European Distributor 

for BRC Products 
In order to further improve our serv- 

ice to our many European customers, 
BRC, effective July 1, 1960, appointed 
Hewlett-Packard S. A. Rue Du Vieux 
Billard No. 1 Geneva, Switzerland, ex- 
clusive sales coordinator and distributor 
for our products in the following coun- 
tries: Austria, Belgium, Denmark, Fin- 
land, France, Western Germany, Greece, 
Italy, Netherlands, Norway, Portugal, 
Spain, Sweden, Switzerland, Yugoslavia, 
and United Kingdom. Under their dir- 
ection, qualified Engineering represent- 
atives have been established in each of 
these countries to provide local applica- 
tion engineering, order processing, and 
repair services. 

BRC products are now available for 
immediate delivery from HPSA's "duty- 
free" warehouse in Basel, Switzerland 
with one minimum uniform surcharge 
added to the U. S. catalog price to cover 

Bi l l  Doolittle, Managing Director HPSA 

shipping and handling costs. Bulk air 
shipments to the Basel warehouse are 
made periodically from our plant in 
Boonton, New Jersey thereby eliminat- 
ing expensive export packing -charges 
and, by consolidation, actually reducing 
the shipping ana handling charges on 
individual items. 

For more than a decade, BRC has in- 
tensively trained its domestic Sales Rep- 
resentatives through frequent Sales Sem- 

inars at our factory in Boonton, New 
Jersey but, because of the long distances 
involved, it has not always been possible 
for a majority of our European repre- 
sentatives to regularly participate in this 
program. Under our new arrangement 
with HPSA, special training seminars 
are now scheduled in Geneva, Switzer- 
land, exclusively for our European staff. 
Representatives from our factory will 
make available to all of our European 
customers the very latest application en- 
gineering data on both new and estab- 
lished products. The first of these semi- 
nars will be held in April, at which time 
BRC will be represented by Harry J. 
Lang, Sales Manager. 

Import control regulations in many 
European countries have made it dif- 
ficult or even impossible for potential 
BRC customers to receive demonstra- 
tions of BRC instruments. To overcome 
this problem, HPSA has qquipped a 
specially constructed Mobile Demonstra- 
tion Laboratory, outfitted with many of 
the newest BRC instruments, to make 
on-the-spot demonstrations in any part 
of Europe. 
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ALBUQUERQUE, New Mexico 
GENE FRENCH COM'PANY 
7900 Zuni Road SE 
Telephone: AMherst 8-2478 
TWX: AQ 70 

ATLANTA 5, Georgia 
BlVlNS & CALDWELL, INC. 
3110 Maple Drive, N.E. 
Telephone: CEdor 3-7522 
Telephone: CEdor 3-3698 
TWX: AT 987 

BINGHAMTON, New York 
E. A. OSSMANN & ASSOC., INC. 
149 Front Street 
Vestal, New York 
Telephone: STillwell 5-0296 
TWX: ENDICOTT NY 84 

BOONTON, N e w  Jersey 
BOONTON RADIO CORPORATION 
50 Intervale Road 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 

BOSTON, Massachusetts 
INSTRUMENT ASSOCIATES 
30 Park Avenue 
Arlin ton Mass. 
Telepfon;: Mlssion 8-2922 
TWX: ARL MASS 253 

CHlCAGO 45, l l l inois 
CROSSLEY ASSOC., INC. 
2501 W. Peterson Ave. 
Telephone: BRoadway 5-1600 
TWX: CG508 

CLEVELAND 24, Ohio 
S. STERLIYG COMPANY 
5827 Mayfield Road 
Telephone: HI LLcrest 2-8080 
TWX: CV 372 

DALLAS 9, Texas 
EARL LIPSCOMB ASSOCIATES 
3605 lnwood Rood 
Telephone: FLeetwood 7-1881 
TWX: DL 411 

DAYTON 19, Ohio 
CROSSLEY ASSOC., INC. 
2801 Far Hills Avenue 
Telephone: Axminster 9-3594 
TWX: DY 306 

DENVER 75, Colorado 
GENE FRENCH COMPANY 
P.O. Box 15275 
Telephone: MAin 3-1458 

DETROIT 35, Michigan 
S. STERLING COMPANY 
15310 W. McNichols Rd. 
Telephone: BRoadway 3-2900 
TWX: DE 1141 

EL PASO, Texas 
EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
Telephone: KEystone 2-7281 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone: CHopel 6-5686 
TWX: HF 266 

H IGH POINT, Nor th  Carolina 
BlVlNS & CALDWELL, INC. 
1923 North Main Street 
Telephone: Hlgh Point 2-6873 
TWX: HIGH POINT NC 454 

HOUSTON 5, Texas 
EARL LIPSCOMB ASSOCIATES 
3825 Richmond Avenue 
Telephone: Mohawk 7-2407 
TWX: HO 967 

HUNTSVlLlE, Alabama 
BlVlNS & CALDWELL, INC. 
Telephone: JEfferson 2-5733 
(Direct line to Atlanta) 
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lNDlANAPOLlS 20, Indiana 

CROSSLEY ASSOC., INC. 
5420 North College Avenue 
Telephone: CLifford 1-9255 
TWX: IP  545 

LOS ANOELES, California 
VAN GROOS COMPANY 
21051 Costonso Street 
Woodland Hills, California 
Telephone: Dlamond 0-3131 
TWX: CANOGA PARK 7034 

ORLANDO, Florida 
BlVlNS & CALDWELL, INC. 
723 West Smith Avenue 
Telephone: CHerry 1.1091 
TWX: OR 7026 

OTTAWA. Ontario. Canada 
BAY LY 'ENGINEERI NG, LTD. 
48 Sparks Street 
Telephone: CEntral 2-9821 

PITTSBURGH 27, Pennsylvania 
S. STERLING COMPANY 
1232 Brownsville Road 
Telephone: Tuxedo 4-5515 

PORTLAND 9, Oregon 
ARVA, INC. 
1238 N.W. Glisen Street 
Telephone: CApital 2-7337 

RlCHMOND 30, Virginia 
BlVlNS & CALDWELL, INC. 
1219 High Point Avenue 
Telephone: ELgin 5-7931 
TWX: RH 586 

ROCHESTER 25, New York 
E. A. OSSMANN & ASSOC., INC 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 

SALT LAKE CITY, Utah 
GENE FRENCH COMPANY 
138 South 2nd Eost 
Telephone: EMpire 4-3057 
TWX: SU 253 

SAN FRANCISCO, California 
VAN GROOS COMPANY 
1178 Los Altos Avenue 
Los Altos, California 
Telephone: WHitecliff 8-7266 

SEATTLE 9, Washington 
ARVA, INC. 
1320 Prospect Street 
Telephone: MAin 2-0177 

SPOKANE 10, Washington 
ARVA, INC. 
East  127 Augusta Avenue 
Telephone: FAirfox 5-2557 

ST. PAUL 14, Minnesota 
CROSSLEY ASSOC.;INC. 
842 Raymond Avenue 
Telephone: Mldwoy 6-7881 
TWX: ST P 1181 

SYRACUSE, New York 
E. A. OSSMANN & ASSOC., INC. 
2363 James 
Telephone: Hy'm":ftead 7-8446 
TWX: SS 355 

TORONTO, Onforio, Canado 
BAYLY ENGINEERING, LTD. 
Hunt Street 
Ajox, 0;itorio. Canada 
Telephone: AJax 118 
(Toronto) EMpire 2-3741 

VANCOUVER 1, D. C. Canada 
ARVA, INC. 
355 Burrard Street 
Telephone: MUtuol 2-4323 

BOONTON RADIO CORPORATION 
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Brinkd in U.S.A. 
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