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The Cover: Prize-Winning Sculpture Uses GR Strobes

Experiments in Art and Technology {E.A.T.}, a group involved in the interactions of
artists and engineers, recently awarded a $1000 second prize to Mr. Frank Turner of
Western Union for his engineering contribution to artist Wen-Ying Tsai's work "Cybernetic

Sculpture."
The piece, which is based on the idea of harmonic motion, is made up of groups of

nine-foot-high stain Iess.stee I rods illuminated by stroboscopic light. Each rod is vibrated at
its base, and the vibrations excite standing waves in the rods. When the surroundings are
quiet, the strobes are synchronized with the mechanical-vibration frequency and the stand­

ing waves appear frozen. But sounds made by viewers frequency-modulate the flashing rate,
causing the frozen standing waves to spring into shimmering, graceful undulations.

Mr. Tsai's work was recently on view at the New York Museum of Modern Art's
eXhibition, "The Machine as seen at the End of the Mechanical Age."
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The 1399 Digital Divider/Period and Delay Generator.

- - -

0' 0'·0'·0' 0' 0"'0' o' j. .. . . ~ . . .

The 1399 Digital Divider/Period and
Delay Generator bears the same re­
lation to a conventional delay gener­
ator that a frequency synthesizer bears
to a ignal generator. With a frequency
synthesizer we can obtain, for ex­
ample, output frequencie up to
70 Mllz in IG-Hz steps with the sta­
bility of the reference frequency.
Analogously, the 1399 provides peri­
ods from 0.3 to 9,999,999.9 J..L in
increments of 0.1 J..Ls when it i driven
by its in ternal 10-MHz referen e 0 cil­
lator, and the accuracy and stability of
the synthesized period are those of the
reference.

Sa ically, the 1399 is a divider; it
can divide any frequency from about
10Hz up to more than 10Hz by any
elected integer from 3 to

99,999,999 - from a fractional fre­
quency to a tandard integral
frequency, or vice versa. ince the
instrumen t's circuitry is digital, practi­
cally the sole source of jitter is the
derivation of the clock pulse from zero
cro sing of the reference ignal. The
output period consequently ha re­
markably little jitter; the stability of a
I-second output signal obtained .by
dividing a I-volt, I G-MHz reference by
107 will typically be better than
10 12 second! The jitter in the output

JANUARY/FEBRUARY 1969

period would most likely be de­
termined in this case by the second­
to- econd stability of the reference
ignal.

Simply throwing a front-panel
switch converts the 1399 from a di­
vider to a digital delay generator.
While digital delay generator are now
common laboratory tools, the uncon­
ventional circuitry of the 1399 makes
it unique in this capacity: it is a digital
delay generator without recovery lime.
lt can, for example, produce
0.999,999,9-second delays at a
l.OOO,OOO,O-second rate! Ordinarily,
the delay mode uses the precision
internal time base, but, as in the
divider mode, an arbitrary external
ignal can serve as the reference.

The 1399, like mo t recent GR
in truments, has full external program­
ming capabilities. All functions can be
controlled remotely most of them by
low-current ontact closures. The di­
vider ratio or delay time, normally set
on front-panel thumbwheel switche ,
can be externally controlled by
switches, relays, or saturated P­
transistor witches. The control-data
format is either 1-2-4-8 or 1-2-4-2
BCD. To program a given decade
externally, the corresponding thumb­
wheel is simply set to zero.

THE DIGITAL DIVIDER
A SYNTHESIZER FOR

PERIOD AND DELAY

3



STANOARO t------iOIOIVIOER
FREQUENCY,', L.-__-J CRYSTAL

COARSE
TlJNING

nection with a project to de ign a
digital frequency synthesizer. pecial­
purpose ynthe izer based on digital
division are now quite common. Their
strong point is the small number of
tuned circuits required; thus, they are
compact and require almost no etup
adjustmen t.

A frequency-synthesizer scheme
based on digital division is shown in
Figure 2. The oscillator can be phase­
locked to harmonics of the standard
frequency Is' If Is were one hertz, for
example, the 1399 would lock the
oscillator at every hertz from about
10Hz to over 10 MHz. Coarse tuning
of the oscillator can be done manually,
or it can be done automatically by
adding a discriminator at the scale-of-

f output.
The di advantage of the digital­

divider synthesizer of Figure 2 is the
long settling time when the minimum
frequency increment is mall. Since
the bandwidth of the filter in the
phase detector' output has to be small
compared with f., the phase-lock loop
must have a time constant that is long

compared with..! - perhaps 30 seconds
Is

if Is were 1 Hz.

Nf.

Digital Frequency Synthesizer
The development of the dividing

scheme that ha been used in the 1399
was undertaken originally in con-

ynthesizer could do the same job, the
1399 ties down a smaller inve tment in
instrumentation.

Cou nter Accessory
As an accessory to a counter, the

l399 can be used to cale down the
standard frequency by a ratio chosen
at will in order to provide an arbitrary
interval for the count. Or the 1399 can
be used to count events and to gate
the counter, which then measures
elapsed time.

f,

Figure 1. The 1399 and Loran C.
An 1123 Syncronometer digital
time comparator, an 1124 Receiv­
er, and two 1399's used to cal­
ibrate 111 5-C Standard-Frequen­
cy Oscillators. The 1399's en­
able the system to derive time
differences from a Loran system
with arbitrary base rate.

APPLICATIONS

Figure 2. A digital-divi­
der frequency synthesizer.

Counter·Readout Testing
The 1399 has proved to be the

economical olution to a problem in
our own calibration laboratory. In the
final checkout of our counters, we
switch on every digit sequentially in
every decade of the readout in order
to check the data-output wiring and
the ga readout tube. To do thi , the
1399 i programmed to generate uc­
cessive intervals of 1,111,111.1 Ils
2,222,222.2Ils, etc. While a frequency

Delayed Sweep
It has been our experience that a

device such as the 1399 is an essential
oscilloscope accessory in examining
time relationship in digital computers.
Delay- weep 0 cilloscopes ordinarily
u e analog delay systems, which ex­
hibit exce ive jitter when generating
long delays. A coherent digital delay
sy tern does not suffer from thi de­
fect. The 1399, timed from the com­
puter's clock, can be used to trigger a
fast oscilloscope sweep. When the de­
lay i initiated by one event. a ub-
equent event can be displayed on the

oscilloscope screen with minimum jit­
ter.

4 GENERAL RADIO Experimenter



SPECIFICATIONS

PROGRAMMABI L1TY All functions and control settings, except
trigger threshold, controlled by single contact closures to chassis
ground. Max current, 2 mA through closed contact; max voltage
drop, 150 mV across closed contact.

Divider/Delay Control: 1-2-4-8 BCD; DTL logic levels or contact
closures.

Trigger Threshold: 0 to +10 V into approx 100 k.l1 produces
-1 to +l-V threshold detection.

Power Required: 100 to 125 or 200 to 250 V switch selected,
50 to 400 Hz, 20 W.

Accessories Supplied: Power cord, spare fuses, and mounting hard­
ware with the rack model.

Mounting: Bench model (in metal cabinet) or rack model.

Dimensions (width X height X depth): Bench, 19 1/2 X 4 7/8

X 17 in. (495 X 125 X 435 mm); rack, 19 X 31/2 X 16 in. (485
X 89 X 410 mm).

Net Weight: Bench, 28 Ib (13 kg); rack, 21 Ib (10 kg).

Shipping Weight (est): Bench, 43 Ib (20 kg); rack, 36 Ib
(16.5 kg).

Frequency Divider Ratio: 3: 1 to 99,999,999: 1. Delay range,
3 to 99,999,999 clock time·intervals, i.e., 0.3 IlS to 9.999,999,9 s
with 1O-M Hz clock.
Delay Accuracy: Delay interval varies from 0 to 1 clock interval
when clock and start signals are not coherent.

INPUT CHARACTERISTICS Clock and delay-start inputs are
Identical except for max frequency (rate).

Rate: Delay-start input, 100 Hz to 2.5 MHz. Ext clock input,
max> 10 MHz, typically 12 MHz; min, 100 Hz for l-V pk-pk
sensitivity, lower frequency with reduced sensitivity.

Sensitivity: 100 mV rms; will accept waveform of arbitrary shape.
Input Impedance: Approx 100 k.l11130 pF.

Trigger Threshold: ±1 V de offset.

Trigger Polarity: Positive or negative, switch-selected.

INTERNAL CLOCK OSCILLATOR

Frequency Control: 10-MHz third-overtone quartz crystal in
proportional-control oven.
Temperature: < 1 ppm, OOC to 50

0
C.

Warmup: Within 1 ppm from room temperature in 10 min.
Short-Term Stability: 1 X 10-7 for 1-s sampling interval.

Lon~Term Stability: 1 X 10-6 per year; with oscillator running
continuously, < 3 X 10-9 per day after one month of operation.

Internal Clock Output: 1 V rms into 50 .11.

Output Pulse: 5 V behind 50 .11 positive and negative available
simultaneously. Duration approx 15 ns

Catalog
Number

1399-9801
1399-9811

Description

1399 Digital Divider/Period and
Delay Generator

Bench Model
Rack Model

HOW IT WORKS: GET READY; GET SET; GO!

Figure 3. Functional diagram of the Type 1399 Digital Divider/Period and Delay Generator.

(0) OUTPUTI PULSE

of conventional
in a frequency

the u e
scheme

000000000 PROGRAMMING P'LUG
00000000. U~2.. 4-8 BCD INPUT

L.:.::':':":':":'~ DATA)

cles to
counting
divider.

1R. w. Stuart, "A High Speed Digital
Frequency Divider of Arbitrary Scale,"
1954 IRE Convention Record. Part J O.

2R. W. Frank, "A omputer Type Decade
Frequency Synthesizer," 1954 IRE Can·
vention Record, Part 10.

3Work done under Contract DA 36·039
SC·' 5542, Signal Corps Engineering Labor·
atories, Ft. Monmouth, ew Jersey.

)399·1

CLOCK
(INPvT I OUTPUT)

~~--t
L..-__...J

de ign objective, becau e fast flip-flops
were, and still are, more expensive
more power hungry, and Ie reliable
than lower ones. Ideally, the maxi­
mum counting rate of the s ale-of-
hould not be much Ie s than the

resolution of the first flip-flop in the
fastest-counting decade. These were
the goals. As the design of an actual
circuit proceeded, there b came ap­
parent two rather fundamental obsta-

10 MHz
OSC/OVEN

-iJf-

A functional diagram of the 1399 i
hown in Figure 3. A la-MHz third­

overtone cry tal in a proportional oven
produce the O.I-Ils internal clock
ignal. The clock can al 0 be an ex­

ternal signal of a few hertz to over 10
MHz. A gate determines whether the
divider will run continuously, for the
divide mode, or start on command of
an external signal, for the delay mode.
Both the delay-start and external-clock
input have slope and threshold con­
trols for e tabli hing the trigger pulses
from well-defined portions of the in­
put signals. The e input-trigger circuits
are similar to those in mo t counters.
The 1399's output circuit produces
brief (l5-ns), high-energy (±5 V be­
hind 50 ohms) pulses that mark off
the controlled interval.

The criteria for an arbitrary-scale
divider were set down a number of
years ago in a project at General Radio
to develop a digital frequency synthe­
sizer. J ,2,3 What wa needed, simply,
was a y tern that would produce one
output pul e for every th input
pul e. It wa hoped that the more
significant decades could be slower, a
they are in a counter - an important

JANUARY/FEBRUARY 1969 5



Figure 4 shows a simple delay gener­
ator based on digit recognition. At the
first clock pulse after the gate is
opened, the decade counting units
(DCU's) begin to accumulate. They fill
to the recognition state established by
the controls, whereupon an output
pulse i generated and the D V' are
reset to zero. If the duty ratio of the
delay is not very high, the reset inter­
val can last long enough to reset the
slowe t decade.

The problem with this simple delay
cherne is the time required for propa­

gation through the registers. If, by the
time the last decade ha reached it
recognition state, the first one has
moved on, recognition will not occur.
Thi limit is reached rather quickly;
five consecutive flip-flop each with a
delay of 20% of its resolution (a
typical value), will cause a recognition
failure at the maximum clock frequen­
cy even if all flip-Oops are equally fast
(which would be a violation of the
fir t of our design criteria).

Figure 5 hows a scale-of-N divider.
It is similar to the delay circuit just
discussed, but it must divide con­
tinuously. This requirement com­
pounds our problems: not only do we
have to achieve reliable recognition,
we must al 0 complete the reset in Ie s
than one clock period. The situation
ha one hopeful circumstance how­
ever. If there is time to reset the
highest-speed decade, then there is
plenty of time to reset the others
before they start to accumulate counts

Figure 4. Simple de­
lay generator based
on digit recognition.

OELAY­
STAItT
INPUT

OUT

')99.,

(10 clock periods for the second
decade, 100 for the third, etc).

here i another well-known way to
achieve scale-of-N division when clock
rates are not too fast. Figure 6 shows a
circuit that recognizes only one state,
namely, the output carry of the last
decade. The division integer is de­
termined by the reset state of the
DCU's: the decade are reset to the
complement of the de ired divisor.
Here there is no worry about time
delays interfering with recognition;
but we have traded that problem for
another: there is not enough time for
resetting. Suppose our divisor ends in
the digits 001. The corre ponding
three DCU's would have to be preset
to the complement 999. The first
clock pulse after reset would carry
traight through these three digits,

changing them to zeros, and spill over
into the fourth. The trouble is that
this would have to happen before the
slower second, third, and fourth
DCU's had had time to reset. There is
not even one full clock period avail­
able for resetting, because the reset
pulse cannot occur until the output­
initiating clock pulse (which changes
all the digits from nines to zeros) has
propagated through the entire ount­
ing register.

By now it will be clear that each of
the two ba ic cale-of- dividing
schemes is plagued by a different
problem. The re et-one-state-and­
recognize-ten- tate ystem suffers
from recognition failure due to

Figure 5. Simple scale-of­
divider. Like the delay gener­
ator of Figure 4, this circuit
depends on digit recognition.

Figure 6. An alternative scale-of.
divider. This circuit recognizes only
one state: all DCU's at zero. The
coun t starts with th e DCU's preset
to the complement of the divisor.

cumulative time delay, while the rc­
set - ten-sta tes- and -recognize- one -state
system suffers from inadequate reset­
ting time. One might wonder if a
combination of the two methods
could yield a workable system - and
in fact it does.

Each DCU must have ten distinct
states. We have talked about systems
in which the D 's have ten recog­
nition states and one reset state, and
systems in which they have one
recognition state and ten reset states.
Table I shows an intermediate scheme
of 2 reset and 5 recognition statc . In
this system a decade has to accumu­
late at least five counts following a
carry before it is in a recognition state.
Therefore every decade after the first
remains in a recognition state for at
lea t 5 preceding-decade pul es, waiting
for the preceding decade to reach
recognition. Furthermore, since
decade are reset to no more than 5,
every decade after the fir t will have
five preceding-decade pul e in which
to be reset. The reader might like to
work out for himself the details of the
reset-S-recognize-2 system shown in
Table 2. It turns out to be only a little
less efficient than the reset­
2-recognize-S system just discussed.

These examples of counting sy terns
with mixture of reset and recognition
states demon trate that an appropriate
choice of coding can olve the recog­
nition and reset problems that are
inherent in the basic divider arrange­
ments. We have seen that, with eithcr
of the two codings just described, first,
the slower DCU's are waiting at their
recognition states for the fa ter ones
to catch UlJ, and, second, all the D s
(except the first) have plenty of time to
reset before they have to begin count­
ing.

The remaining limitation on the
counting speed is the delay associated
with carries between flip-flops in the
first decade. Actual delays between

OUT
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Table 2
Reset-5-recognize-2 system

Table 1
Reset-2-recognize-5 system

number reset recognize number reset recognize

Table 3
Reset-4-recognize-3 system. This is

essentially the coding used in the 1399.

number reset recognize

o
1
2
3
4
5
6
7
8
9

5
5
5
5
5
o
o
o
o
o

5
6
7
8
9
5
6
7
8
9

o
1
2
3
4
5
6
7
8
9

4
3
2
1
o
4
3
2
1
o

4
4
4
4
4
9
9
9
9
9

o
1
2
3
4
5
6
7
8
9

5
4
5
4
1
o
1
o
1
o

5
5
7
7
5
5
7
7
9
9

Figure 7. Internal programming of the 1399.

the various digit will depend on the
logical design of the DCD, but the
source of delay is always the same: it
is the carry generated by the l-to-O
transition of an individual flip-flop.

ow, since odd digits are counted by a
Q-to-l transition of only the first
flip-flop, there is no delay problem
with the odd digit . With our reset­
2-recognize-5 coding, for example,
serious delays occur at the numbers 6
and 8. If we could find a reset­
recognition scheme in which only odd
numbers have to be recognized, we
would have attained our goal of a
system whose counting speed is
limited only by the resolution of the
first flip-flop.

Table 3 shows a reset-4-recognize-3
coding scheme that is es entially simi­
lar to the one adopted for the 1399.
Like the 2-5 and 5-2 systems, this
system resets to no number greater
than 5 and recognizes no number less
than 5, so that it, too, overcomes the
reset-time and propagation-delay dif­
ficulties. In addition, this system re­
quires the recognition of only odd
numbers.

Let u see how a system with 4-3
coding deal with the awkward divisor
00000003. The seven more signifi­
cant DCU's will be reset to their
recognition tates of 5, and the first
DCU will be reset to 4 (00 10). The
clock will now advance the first D U
to 7 (1110). and the 6-to-7
(0 II O-to-III 0) transition will es­
tablish recognition and reset the first
DCU to 4. Since recognition and reset
involve transitions of the first flip-flop
from 0 to I and back to 0 all wiU'l.in
one clock period, the ystem will run
half as fast a the first flip-flop if
there are no reset delays. In practice

reset delays would cause a further
slight reduction in the speed of the
ystem.

A modification4 of the 4-3 system
permits the 1399 to count at very
nearly the speed of the first flip-flop.
The trick is to delay the start of the
count by two clock periods to allow
enough time for the first flip-flop to
reset. Refer to the 1399's program­
ming diagram, shown in Figure 7.
While counting is in progress, FFI is in
its Q state, the clock gate is open, and
the output gate is closed. Recognition
operates FFI to Q, thus closing the
clock gate, opening the output gate,
and triggering the reset-puis gener­
ator. The first clock pulse following
recognition passe through the output
gate and switches FF2 to Q. he next
clock pulse switches FF2 back to (2,
thereby triggering the output pulse,
resetting FFJ to Q, closing the output

4U.S. Patent No. 3,050,685.
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gate, opening the clock gate, and
beginning the next count. Counting
has been interrupted for two clock
periods, allowing plenty of time to
re et the first decade. The two missed
counts are compensated for by making
the first decade recognize 3's, 5's, and
7's instead of 5's 7's, and 9's. The
mall price we have to pay for the

additional speed is that the system is
unable to divide by two, a trivial
operation that can be done by one
flip-flop. (As a matter of fact, two
clock periods are mor", than enough
time for resetting, but kipping just
one pulse would require that even
numbers be recognized in the first
decade.)

-R. W. Frank

A brief biography of Mr. Frank ap­
peared in the November-December, 1967
issue of the Experimenter.
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The new 1191-8 Counter.

:: 3 4 7 6 8 ~ 8 2 . ..

1191 COUNTER NOW FEATURES 35-MHz BANDWIDTH
• UStrobed" single-period measurement .'-jlS data holdoff • Improved time-interval mode. Crystal-oven standby power

The 1191 is an integrated-circuit
counter/timer for measuring frequen­
cy, period, average period, frequency
ratio, and time interval. ( ee the 0­

vember-December 1967, Experimenter
for a complete description.)

he new 1191-B offer everal sig­
nificant improvements over its pred­
ecessor, and at the same base price.
Foremost among the e are the increas­
ed frequency range - the upper limit
is now 35 MHz - and a unique

"strobed" single-period mode, in which
the 1191-B makes period measure­
ments with virtually a 1DO-percent
duty cycle.

Like its predece sor, the 1191-B is
available in combination with either of
two G R scalers as the 1191-Z. The
combination offers all the features of
the counter alone, phi operation up
to 500 MHz. The bench version of the
1191-Z ha the counter and scaler in a
single cabine 1.

8

:: 3 4 8 5 I 3 6 9 ~

The 1191-Z Counter. The
SOQ.MHz model is shown
here in its bench version.
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Description

DISPLAY TIME

11918.1

i~~::-1---- DATA OUTPUT

If the last-counted clock pul e in a
given measured period has to propa­
gate through all eight decades of the
counting register, approximately 0.6
11 will elapse after the counting gate
closes before the counting register has
settled and the data are in storage.
Another 0.2 I1S is needed to reset the
counting register to zero. Thus, with
the OISPL Y TIM ~ set to its mini­
mum position (1 pS), the total dead
time - the time at the beginning of a
measured period before the counting
gate opens - i about 0.8ps. Except at
the fa test clock rate (0.1 pS), only a
single clock pul e may not get counted
because of the dead time, and the
probability of mi ing a pulse de­
creases by an order of magnitude as
the clock rate decreases by an order of
magnitude. One can easily determine
thc precise amount of dead time by
measuring an accurately known period
with the internal clock set at 0.1 /-lS.
The discrepancy between the count
and the known period will be between
0.7 and 0.9 ps.

'---- I/'. ----I

I/,'

I

_I'---~.----
--i,,...,..1-r.-L.............1 L :... _

I

o~
I

COUHTlNG
GATE

CLEAR 8
TRANSFl:R

RESET

INPUT-SIGNAL
AXIS CROSSINGS

CLOCK COUNTEO

INPUT
SIGNAL

in the accompanying block and timing
diagrams. Every input- ignal axis cro ­
ing initiates an operation in which the
accumulated count is transferred to
storage, the counting register is reset
to zero, and a new coun t is begun.

1191-B Counter
Bench Model
Rack Model
Bench Model with Data-Ouput Option
Rack Model with Data-output Option
Bench Model with High-Precision

Time-Base Option
Rack Model with High-Precision

Time-Base Option
Bench Model with both Options
Rack Model with both Options

1191-Z Counter (100 MHz)
Bench Model with both Options
Rack Model with both Options

1191-Z Counter (500 MHz)
Bench l'JIodel with both Options
Rack Model with both Options

P6006 Probe, Tektronix Catalog No.
010-0127-00 (not sold separately)

Catalog
Number

1191-9715

1191-9900
1191-9901

1191-9710
1191-9711
1191-9712
1191-9713
1191-9714

1191-9716
1191-9717

1191-9902
1191-9903

1158-9600

Program of "strobed"
period measurement.

"Strobed" Period Measurement
Many measurements require that

the counter extract information from
the input signal at the maximum po si­
ble rate. Ordinarily, a counter
measurement of the period of a ignal
is inefficient from an information­
gathering point of view. The period
mode is conventionally programmed
o that a pair of consecutive signal axis

cro ing open and close the counting
gate. The closing of the gate initiates
a hold-off period (often a long as
0.1 second) during which the data is
tran ferred to storage. At the end of
the hold-off period the counter is
ready to make a new measurement.
The duty ratio of such a program can
be no more than SO percent, and it can
be this high only if the hold-off period
can be made brief enough to allow
counting during alternate cycles.

The unique "strobed" period mode
of the I 191-8 permits the new counter
to gather data during almost 100
percent of the time. The internal
program of this measurement is shown

JANUARY/FEBRUARY 1969 9



Wideband Amplifier Design
by M. Khazam

This article derives the formulas (in terms of y-parametersl for constructing transistor constanr-gain
circles on a load-admittance Smith chart. An input-admittance grid constructed on the same chart
provides a direct readout of the input admittance. A design example using transmission lines as
matching elements is given.

Amplifiers with bandwidths in excess of I CHz have
become quite practicable with the introduction of high­
frequency transistors. Feedback equalization of gain over
such wide bandwidths is difficult, partly be au e of the
complex feedback networks that would have to be used and
partly becau e there is often insufficient open-loop gain.
In this article we outline a procedure for designing the typ
of wideband amplifier that is incorporated in the Type
1237 VHF/ HF Preamplifier.

The power flowing from the ource into the network is

p. = I VI 12 J/> Yill .71" in

and the power flowing out of the network into the load is

The power-gain ratio i thus

Two-port Power Gain
The y-parameters of a two-port network are defined by

the well-known relations

Pout
'f} =--

Pin I
2

Y21

Y22 + YL I (4)

The more significant transducer gain 'f} t' defined as (power
to load) -7- (source' available power), is related to the power
gain (9 by

( I )

I,--9-I.--I----t-----<.I~--·Iz
V TWO- PORT ,v1
i' NETWORK 'f'

J.c.£N.9

Figure 1

where the igns of voltages and currents are those of Figure
1. If YL is the load admittance and Ys the source
admittance, then the input and output admittances are
given by

'f.Jc(dB)

~ ;;:
r---------"

TWO- PORT
NETWORK

Figure 2

'.ti(dB) - input mismatch 10 s (dB) (5)

Yl2 Y21
Yll -

Yn + YL

(2) Gain Circles On the Load-Admittance Smith Chart
We define a normalized load admittance y by

YI2 Y21
Y22 -

Yu + Ys
(3) y = g + jb

.1I?"YL '~JlYL + .~JlY22
= -- +j

·:1?"Y22 .i?"i'22
(6)
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p

-I....:.:.:.-'-----:.-_.:.- +_--,.,~_:.e._.~_~-~- P,

p
\

Figure 3. The rela.
tion between y and P.

( ote that p is the negative of the reflection coefficient,as
conventionally defined.) If we write P, and Pi for the real
and imaginary parts of P, the expre ion (4) for the
power-gain ratio an be recast in the following form:

ote that the imaginary part of Y in ludes.~"Y22 along
with .9)"YL . Since g and b may vary over wide range of
value, we would find ourselves con tructing rather un­
wieldy charts if we continued to work directly with y.
Accordingly we make a tran formation to a new variable p:

(10)Pi (centerP, center)

Equation represents a family of con tant-gain circles on
the p-plane. When ('I '" 0, the radiu r is unity and the
ircle' center is at th origin of the p-plane (the circle

coincide with the zero-eondu tance circle on the Smith
chart). Provided the two-port i unconditionally stable, the
radiu decreases with increasing gain until a value of ~'I is
reached at which the radius is zero. The gain at thi point,
~ max' is the maximum that can be achieved without
external feed back, and the corre ponding point on the
p-plane represents a conjugate match between the two-port
and the load. The centers of the circles,

(7)",y-I
P Y + 1

fall on the straight line through the origin of the p-plane
that makes an angle

where

+ ( _~)2
Pi I 12Y21

( )

-I ( b/)q> '" tan - g; (II)

r (9
with the positive P, -axis. The di tance from the centers to
the origin of the p-plane is

WehaveusedthenotationYIl "'gil +jb ll ,Y22 "'g22 +jbn ,
and Y 12Y21 '" gr + jbr ·

(I 2)
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Figure 4. A set of constant­
gain circles for a 2N3478 tran­
sistor at 900 MHz plotted on
the load-adminance Smith chart.

Figure 5. An input-admit­
tance grid has been added
to the chart of Figure 4.

GENERAL RADIO Experimenter



Figure 6. A potentially unstable
situation. I f the load admit­
tance falls in the lower left of
the chart beyond «} = 00, the
input conductance is negative and
the two-port can oscillate.

Figure 4 shows a set of constant-gain circle for a
2N3478 transistor at 900 MHz, plotted on a Smith chart.

he chart's normalized grid corresponds to our admittance
variable y.

and the Pr- and Praxes. The spacing 6Pr between the
intercepts of con ecutive Gin = constant lines with the
Pr -axis is

Input-Admittance Grid
To find the input admittance of the two-port, we return

to equation 2:

Y 12 Y21

Y22 + YL
(13)

(15)

where 6Gjn is the chosen increment in Gin. The spacing 6Pi
along the Pi-axis between Bin -line intercepts is given by the
same relation (the Gin- and Bin-axes have the arne cale
factor):

If we replace Y on the right-hand ide of (13) by the
normalized load admittance y, defined by (6), and then
make the transformation (7) to the p-plane, we get

(16)

Bin = (~)p + (..!!- )P. +2g22 r 2g22 I

( 14)

The angle that the Bin

Pr -axis is
constant lines make with the

= tan-
1

(- ::) (17)

const

These expressions represent a rect'angular grid of Gin =
constant and Bin = constant lines on the p-plane. We can
construct this grid on OUI load-admittance chart if we will
note the following relations between the Gin- and Bin-lines

JANUARY/FEBRUARY 1969

which is just the angle ct>,givcn by (11), of the line of centers
of the constant-gain circles. The Yin -grid has still to be
positioned on the p-plane, and th.is requires the calculation
of one point.

13
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Figu re 8. Design chart for
the 2N3478 at 600 MHz.

Figure 7. Two-stage wideband amplifier. Matching is accom­
plished by L-networks formed by series and shunt sections of line.

Figure 5 shows an input-admittance grid superimposed
on the gain-vs -load-admittance chart of Figure 4.

Stability
The constant-gain circles of Figures 4 and 5 are charac­

teristic of a two-port that i unconditionally stable. An
unconditionally stable two-port is one whose input admit­
tance has a positive conductive component whenever the
output admittance does, and vice ver a.

A potentially unstable situation is illustrated in Figure 6,
which shows a load-admittance-Srnith-chart plot of the gain
circles and input-admittance grid for a 2 3478 transistor
plus feedback capacitor at 400 MHz. otice that in this
case the gain circles get larger with increasing gain and that
there are negatlve values of Gin within the g = O-circle,
where the load conductance is positive. The rJ = 00 "circle"
coincides with the Gin = 0 line, and load admittances that
fall to the right of this line will cause 0 cillation unle s the

A Design Example
Let us design a two-stage amplifier using 2 3478's. The

analysis of a wideband amplifier by the method described
in this article generally involves sampling the performance
at a number of frequencies over the passband. Transistor
parameters have to be measured and charts constructed at
each frequency. For the sake of a simple example, though,
let us set ourselves a fairly limited objective: more or less
con tant gain from 900 Hz down to 600 MHz or possibly
lower. We will see what we can do with the circuit of Figure
7, in which the matching networks are simple series-and
shunt-line L networkS, and we will analyze the performance
at only the two frequencies 900 and 600 MIlz. We shall
assume 5D-ohm source and load impedance.

The design chart for 900 MIlz is the one shown in Figure
5, and the chart for 600 MHz is shown in Figure . We find
from the charts that the load admittance for maximum gain
is 0.83 - j5.6 mmho at 900 MHz and 1.1 - j3.9 mrnho at 600
MHz. Assuming that the matching networks will be etched
on a circuit board, we select 125 ohms as a practical value
for the characteristic impedance of the line sections.

source conductance is large enough that the total con­
ductance at the input is not negative.

One can inspect the output admittance as a function of
source admittance by constructing a rectangular output­
admittance grid on the source- admittance Smith chart. The
procedure is the arne as that outlined for constructing the
Gin- Bin-grid except that the subscript l's and 2's on the
y-parameters are interchanged.

500500
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Figure 9. Transformation of the
load admittance by the output
network. The admittance grid is
normalized to 8 mmhos (125 ill.

Figure 10. Admittance transform­
ation by the interstage network.
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Through a pencil-and-paper cut-and-try procedure, we
arrive at an output network with a shupt-line length of 4.2
em (el~ctrical) and a series-line length of 4.7 em. The
admittance transformation performed by the output net­
work is plotted on the Smith chart of Figure 9, which is
normalized to 8 mmhos (125 ohms). The point L2fAX) 'and
L 2900 represent the loads that th network pre ents to the
transistor at 600 and 900 MHz, and L( (~max)fAX) and
L«(t; max)9oo are the load admittances for maximum gain at
the two frequencies. When the admittance represented by
L2600 and L2900 are renormalized to Y22 and plotted on
the chart of Figures 8 and 5, respectively, the gains that
are found are 6 dB at 600 MHz and 5.1 dB at 900 MHz.
Although we could probably do a better job of matching
with higher-impedance line sections or with a more compli­
cated network, we shall be content, for the purposes of oUI
example, with these results.

We select an interstage network with shunt-line lengths
that are again 4.2 cm and a serie -line length of 5.25 cm.
The transformation is plotted in Figure 10. The points
12600 and l~oo are the input admittances of the second
stage, found from the Gin-Bin- grids of Figures 8 and 5 and
normalized to 8 mmhos. The points L 1600 and L 1900 are
the load admittances presented to the fir t transistor. When
we renormalize L 1600 and L 1900 to Y22 and plot them on
Figures 8 and 5 respectively, we find gains of 4.9 dB at 600
MHz and 5.7 dB at 900 MHz for the first stage.

Figure 7 does not show a series-line section at the input
of the amplifier. This is because we can do without an

admittance-transforming eries section at the input if we
will tolerate a fairly small amount of mismatch loss. We
find the admittances presented by the base of the first
transistor by means of the Gin-Bin-grids of Figures 8 and 5,
Adding the susceptance of the 4.2-cm input shunt line, we
calculate that the mismatch-loss penalty for connecting the
input directly to a 50-ohm source is 0.5 dB at 600 MHz and
0.7 dB at 900 MHz. If we accept these 10 es, the over-all
gain of the amplifier is 10.4 dB at 600 MHz and 10.1 dB at
900 MHz.

his simplified example shows that, even with very
simple matching networks, amplification over quite wide
frequency ranges can be achieved with gains reasonably
close to the optimum gain of the device at the highest
frequency in the pa band.

A brief biography of Mr. Khazam appeared in the July-August,
1967 issue of the Experimen ter,
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We hope you were pleasantly surprised

at the look of the new Experimenter when
it arrived at your desk in February. The
change in size and format is vidence that
General Radio recognizes its obi igation to
readers of the Experimenter to present
information related to new measuring in­
strumentation, or improvements in pre·
viously issued models. in a form both
provocative and attractive. An obligation
exists also to supply teChnical information
that is worthy of retention in your files.

looking back through the years and
reading Vol. 1 NO.1 issued in June, 1926, I
was pleased to note that the Experimenter
was stipulated to b a new General Radio
service to experimenters in home laborato­
ries. Service still is our theme u t the direc­
tion has changed from the home laboratory
of the radio hams to the I boratories of sci­
ence and industry, to the production areas
serving commerce and trade, and to the sev·
eral echelons of measurement accuracy rep­
resented by standards and calibration lab­
oratories.

The Experimenter has a significant role
to play in advancing the state of the art of
measurement engine ring. At G R we are
aware that many of our readers are part of
the task forces that generate so much of
what is new, useful, and available in the
measurement and control fields. We hope to
draw upon the experiences of our readers
for some of the sourc material from which
editorials will be generated in the future.
The Editor's office at GR is prepared to
receive any comments you feel will be of
benefit to our readers. Spring is here - let's
get together as a team and "Play Ball!"
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THE COVER Broadband testing, uslng sweep-frequency reflectometry techniques, has
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illustrates, In an abstract way, the ease of applying reflectometry techniques, the
simplicity of the directional coupler which transmits the baSIC information, and the
clarity of the observed parameter in the form of an oscillogram upon the graticule.
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The New Sweep- Frequency Reflectometer

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

This method should not be confused with the pul e-echo
method (time-domain reflectometry), originally u ed for
detection and location of faults in cables. The pulse-echo
method employs a visual display which present individual
reflection locations a magnitude versu distance. The
frequency-domain-reflectometer display presents net reflec­
tions versus frequency.

The introduction of low SWR connectors and the ad­
vance in performance of directional couplers have encour­
aged the move from fixed frequency measurements in co­
axial circuits to sweep-frequency techniques. Sophisticated
ystems now operate over broader bandwidth and to tight­

er specifications. orne complications remained, however,
including the need to establish calibrated referen e levels
for each measurement and a lack of direct SWR readout.

Figure 1. A test arrangement
using GR 1641 Reflectometer.

I

I'

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

The GR 1641 was designed to liminate such faults. It
provide broad frequency coverage, 20 MHz to 7.0 GHz, in
two band by means of two integrated rf units. Band
changing i imple; no time is lost in dismantling or
reassembling components. Initial self-calibration is not
repeated for an ensuing series of SWR or los measurements
within the instrument's range. High order of accuracy is
assured by dire tivity greater than 43 dB at 1.0 GHz and 37
dB at 7.0 GHz plus SWR (for equivalent source and for the
detector) less than 1.03 at 1.0 GHz and 1.06 at 7.0 GHz.

11 this is available at moderate cost.
For test purposes, only two panel controls require

adju tment by the operator - the functional DISPLAY
switch and the RA G switch. The former controls
mea urement of SWR, 1 S RTIO LO S or both; the
latter establi hes SWR readings at full scale equal to 00, 2.0,
1.35, 1.10, and 1.03 or full-scale 10 ses of 0, 10, 17, 27, and
37 dB. The control are programmable for remote opera­
tion.

Test data are read directly from the panel meter in the
operational modes corre ponding to fixed frequency. tep­
ped frequency or low sweep. In the continuou sweep
mode, direct and imultaneous indications of SWR and los
are pre ented on an auxiliary oscillo cope.

The 1641 is shown in u e in igure I with commercially
available auxiliary equipment type which are in the normal

cc

MARCH/APRIL 1969 3



Figure 2. Reflectometer panel.

complement of a te ting laboratory. The as embly com­
prise the 1641, an external rf source, and an external
o cilloscope. igure:2 shows the panel of thi reflectometer,
with the low-frequency rf unit (20 to 1500 MHz)
on the bottom left, the high frequency rf unit 0.5 to
7.0 GHz) on the bottom right· both are mounted in the
main frame with the indicator unit. The tran fer detector is
separate for flexibility. The device to be measured is
connected between the K OW port of the 1641 and
the transfer detector, the detected output of which is
connected to the 1641 through a cable.

SYSTEM DESCRIPTION
The interconnection of the various components of the

reflectometer system for S\! R and loss mea urements is
shown in Figure 3. The sweep ource is modulated by a
10-kHz quare-wave ignal from the 1641. The detected
return-los and insertion-Io s signals are fed to the indicator,
basically a 10-kHz tuned amplifier, the output of which is
displayed on the 0 cilloscope after rectification. he
blanking pul e of the sweep ource is fed to the indicator to
provide a zero-retrace output level, and also to trigger the

..-

hannel witch for an alternate di play of return los (or
S\ R) and in ertion 10 with each sweep.

Lo ·F eq e' cy Un
The low-frequency unit con i ts of a balun and a

umming junction, which together form a bridge circuit.
Leveling i accomplished by means of a detector at the
balun junction. A second detector provides the SWR
information. imple conversion of the bridge for com­
parison mea urements is made po ible by the external
connection of the reference tandard termination. The
residual S R of the bridge is less than 1.0 IS to 1.0 GHz
and less than 1.02 to 1.5 Gllz. A schematic diagram is
hown in Figure 4a.

HiJh F eqw.. Cf U
The high-frequency rf unit con i ts of two directional

couplers, two detectors, and appropriate interconnecting
tran mi sion line. schematic diagram of thi unit is
shown in Figure 4b. he first directional coupler (the
leveling coupler) couples part of the input signal to the
leveling detector, which levels an rf source when the 1641 is
~tPending.

I PULH

,----et lilt ...., 'lIIllCA1OIt

...~.

Figure 3. Interconnections
of test equipment.

"" UNIT
GIl IMI
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operating in a sweep-frequency mode. The remainder of the
input signal goes to the measuring coupler where part is
coupled to the U K OWN connector and the rest is
absorbed by the built-in termination.

The directivity of the measuring coupler i greater than
40 dB from 0.5 to 4.0 GHz, and greater than 37 dB from
4.0 to 7.0 GHz. The coupling characteristics of the
measuring and leveling couplers are identical so that the
magnitude of the signal reaching the K OW connector
follows the frequency response of the leveling detector.

The high directivity, wide-band directional couplers are
the heart of the rf unit. The e directional couplers have an
asymmetric coupling region of three ections. The theoreti­
cal design of such unit to achieve a desired coupling char­
acteristic is well known and results have been tabulated. l

While achieving a desired coupling response is a relatively
imple matter, the high directivity of these coupler units

requires the utmost care in design and fabrication. The wide
bandwidth covered by these units make it inevitable that
any characteristic impedance. error or discontinuities will
add at some frequency, 0 all components must be de igned
and made properly. Thus the built-in termination, support
beads, connector and line-size transition must all have
extremely low SWR's, and the coupling-region dimension
must be nearly perfect to achieve thi level of performance.
The e characteristics have been attained in the 1641,
resulting in a measuring coupler with substantially higher
dire tivity than is available in any other commercial
multi-octave coupler.

1 Levy, R., "Tables for Asymmetric Multi-Element Coupled­
Transmission-Line Directional Couplers," IEEE Transactions on
Microwave Theory and Techniques, May 1964, pp 275-279.

Figure 5. TYPical cal bratlon CiJrve for IOsertlon 'oss
measurerTlents 10 2 0 to 4 O-GHz range full scale 0 dB

Both the external transfer detector, used for insertion­
loss measurements, and the built-in SWR detector are
selected to have the same frequency response as the leveling
detector. Both have a IO-d B attenuator built in to improve
impedance match. The maximum power level at the
detectors for an on- cale indicator reading is approximately
-10 dBm. It is impossible, while maintaining an on-scale
reading, to drive the detectors outside the square-law
region. The leveled power required from the source is -10
dBm plu the dB-coupling factor of the directional coupler.

aD

A typical calibration curve for insertion-Io s measure­
ments i hown in Figure 5. The flatness of this curve
depend mainly upon the similarity of the coupling
characteristics of the leveling and mea uring couplers and
upon the tracking of the leveling and the transfer detectors.

Typical calibration curves for SWR measurements are
shown in Figure 6. The over-all flatnes of these responses

ItF I PUT

STANDARD (GR 1641-PI
REFERENCE­

STANDARD
TERMINATION)

MARCH/APRIL 1969

BALUN

FIVE-POllT
JUNCTION

IWIIAND
~------RETURN'LOSS

DETECTOII

l£YELING
OUTPUT

LEVELING
COUPLEit

Figure 4a. Schematic diagram
of low-frequency rf un it.
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Figure 4b. Schematic diagram
of high-frequency unit.
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depends upon the similarity of the coupling characteristics
of the two coupler and upon the tracking of the SWR and
the leveling detectors. The ripple in these traces and the
difference between the open- and short-circuit curves
depend mainly on the equivalent ource match which, at
the K OW connector, is less than 1.01 + 0.007 fGHz.

SWR measurements of typical standard mismatches are
shown in Figures 7 and he curve illustrate typical
y tern performance at SWR levels of 1.5 and 1.2 respec­

tively. The extremely low residual SWR of a typical
high-frequency rf unit is shown in Figure 9.

Figure 10 shows a block diagram of the GR 1641
Indicator. Two identical preamplifiers are connected to the
main amplifier chain through the channel switch. The
channel selection is accomplished through the DISPLAY
switch, which has three positions: SWR, LOSS, and BOTH.
In the BOTH position, the channel-switching circuit con­
trol the channel switch; blanking pulses from the weep
generator cau e alternate presentation of the preamplifier
to the main amplifier chain. The re ult is an alternate
display of the SWR and LOS functions with subsequent
sweep.

The detector is a synchronous detector of the ample­
and-hold type. Gate pulses, derived from the 10-kHz
o cillator, connect a charging capacitor to the output of the
final amplifier for a duration of approximately three
mi ro econds. A phase-shift network in the amplifier chain
is adjusted so that the gate pulses coincide with the positive
peak of the 10-kHz signal at the final amplifier. The value
of the charging capacitor determines the response time of
the detector and the over-all bandwidth of the indicator,
since thi i a synchronous detector. The value of the
charging capacitor must be selected for an acceptably low
noise-output level; the weep peed must then be limited to
a value compatible with the re ponse time.

The M TER SeA LE switch controls the attenuator in
the main amplifier chain and al 0 the value of the charging
capacitor. This relieves the operator from having to search
for the optimum compromise between output noise and
sweep speed; it is only nece ary to set the sweep time to a
value greater than or equal to the minimum recommended
sweep time indicated by the meter- cale control.

sually in ystem. that use diode detectors, for example,
the 1641, the operator mu t take pecial precautions to
prevent the detectors from functioning outside the square­
law region, thereby introducing gross errors. This is not 0

with the 1641 indicator. The indicator's sensitivity range i
selected 0 that, for on-scale meter reading, the ource
output power must be et to a level compatible with that
required for detector square-law operation. If exce s power
i available, the measurement range can be extended by thi
amount by recalibrating the instrument for SWR, with a
standard mismatch other than an open or hort, or for
insertion loss, with a precision attenuator. For recalibration
with a tandard mismatch of 2: I SWR ratio, a witch is
provided that modifies the attenuator switching equence
of the indicator to maintain the meter SWR calibration for
extended range operation.

atch
1 '35

I rl Ul'lt frorr
103
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The diode detector, as generally used with low-frequen­
cy tuned amplifiers, has a useful operating range of
approximately 30 dB. This range is limited at low signal
levels by the noise of the system and at high signal levels by
the deviation from square-law operation. One method to
extend the square-law range is to shunt the detector output
with a properly chosen resistor. Figure I I shows the
measured deviation from quare-law for a diode detector a
a function of input power for three values of the load
resistance. The optimum value of the load resistor is
approximately Y2R d ' where R d is the dynamic resistance of
the diode. When a low resistance de return path is present,
as through a choke, the optimum load resistance is
approximately equal to Rd. The advantage of an increase in
dynamic range, brought about by this method, is offset

IIOOULATION
TPUT TO SOUllCt:

"'...
Figure 10. Block diagram of 1641 Indicator.

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

In the 1641 indicator design, a de return through a
choke is pre ented at the input. The optimum load
resi tance is provided by the adjustable input impedance of
the preamplifier. The disadvantage mentioned above is thus
bypassed. The wide dynamic range of the 1641 indicator
system is achieved by the extension of the detector
square-law range at high ignallevels and by the reduction
of the indicator bandwidth to a very small value in the most
sensitive measurement range. This narrow bandwidth is
made possible through the use of the synchronous-detector
technique previously described.

The SWR-loss display and meter-scale control functions
can be remotely controlled by contact closures to ground

"',...

.1.Or-----"""T-------r-r----.......-----,

R.-1lETICRlR ll'IIIMIlC IIEIIl8'I'lUU

RL -LIMO REIl81'OIt -----.f-----Hf--f-----j
....CPn lJIllD REIIlITClR

~
!i ol---.-...+---lIIlIlI:~"'*";;;;;;IIl'------1t_---___i

~
•...

-.IL------_~!O~----_-20.L..------_ ....IO-----....JO

POWER LEVEL - d..
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Figure 11. Diode detector - square-law
range extension.
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Figure 12a. Typical spread of directivity and SWR data
for low-frequency rf unit.

error introduced by u e of general-purpo e connector in
other commercial sy terns. A con ideration of the system
errors. however, will provide illu trations of the limits of
performance as well as providing a greater in ight into the
1641 system opera tion.

The main error contributions for reflection and tran ­
mission mea urements with the 1641 are described approx­
imately by:

(I)

Figure 12c. Residual source match to unknown based on
measurements of a unity reflection coefficient with varying

reflection phase - low-frequency rf unit.

(2)

in which f x is the true reflection coefficient.

Tx i the true tran mission coefficient of the measured
device.
f; and T; are the reflection and tran mi sion coefficients
indicated by the 1641 y tern.
f 0 and To are the rc idual reflectIOn and transmis ion
coefficient of the system respectively.
f s i the equivalent urce match and
I) i the transfer-detector match of the ystem. both
expressed as reflection coefficien ts.
~ and r) are the output reflection coefficient and the
reverse transmission coefficient of the device being
measured.
k is the frequency response charactcri tic of the system
normalized to unity.

The relations above are based upon a two-port device,
but they are easily expanded to apply for multiports. For a
one-port device, the third term in equation (I) goes to zero
and equation (2) is inapplicable.

The directivity or equivalent re idual SWR of the system
(fo when expres ed a a refle tion coefficient) is important
to all reflection measurements; the residual detector match
to the unknown (1j when expre ed a a reflection
coefficient) is important to low-reflection measurements on
low-loss device and to transmis ion measurement on
high-SWR device. ( or the mo t accurate low- WR mea'­
urements on multiports, auxiliary reflectionless termina­
tions may be employed.) The equivalent residual source
match to the unknown (fs when expre ed as a reflection
coefficient is important to both reflection and trans­
mi sion measurement on high-SWR device. igures 12a,
b, and c show typical data for the low-frequency rf unit

(20 to 1500 MHz). Value of f o ' f , and r are given in the
publi hed specifications of the 164 f. '.t

The residual-transmi sion coefficient (TO) is es entially
the noi e level of the system. It is dependent on the
available ource power and, for a ource power of 30 mW,
TO i typically les than 0.005 (46 dB). he system flatness
or leveling, characterized by k in equations (I) and (2) i
dependent upon both the 1641 and the rf source employed.
The principal causes of deviations in k from unity are
distortion of the ystem modulation in the ourcc leveling
circuitry and tracking errors in the frequency respon e of
the 1641 detectors. Figure 13 shows a typical trace of
system flatne s for the low-frequency range.

20001000'00 200 500
FREOUENCY - .. HI

50

,---- -......... ...--/
I 11.00

20

Figure 12b. Dual presentation of typical response data.
usmg open- and short- circuit terminations 10

0.5- to 1.Q.GHz range; full scale - 00.

;: 1.03

'"o 1.02

i
'" 1.0

~

URAC C S DE:r,...

The high degree of accuracy that has been obtained by
u e of the 1641 is a result of u ing components based on
the precision of the GR900 connector. In fact, the total
error of the 1641 y tern is no greater than the omponent

through electronic or mechanical witche. This allows the
1641 to be used in au toma tic measuring ystems for sorting
or qualifying devices.

The effect of ground currents in a measuring system that
require interconnections of several in trument had to be
considered in the de ign of the indicator. Relatively large
10-kHz current can flow through part of the ground
circuit, cau ing mall voltage differences between various
ground point. If the ends of the input cable shield are
connected to two such points through low-impedance
circuits, the re ulting voltage difference between the ends
of the input cable hield will appear in erie with the
measuring signal at the amplifier input. This can cau e large
errors in the mea urement of low SWR or high insertion­
loss value. This error is reduced to a negligible level in the
1641 indicator by connecting only one end of the input
cable shield directly to the frame and by keeping the
impedance between the other end and the frame high with
respect to the shield re i tance.

8 GENERAL RADIO Fxperimenter



he above discu sion of accuracy assumes negligible
harmonic content in the ource signal. Pre ence of har­
monics will affect the 1641 system in at lea t two ways;
leveling aero s a band of frequencies is directly dependent
upon the harmonic content and the leveling and measuring
detectors respond to the net source signal (fundamental
plus harmonic). he relative rf phases of the fundamental
and of the harmonics at the two detector may differ
howe er, and this can cause variations in a normally flat
trace aero s the observed frequency band. The variation
usually are not smooth but appear as an amplitude
perturbation of the order of a few tenths of a decibel. The
use of low-pass filters in the ource-signal circuit when
necessary, will eliminate this problem.

A second effect of the presence of harmonics is apparent
in the measurement of devices such a band- top networks
that have high 10 s at the fundamental frequency and low
loss at the harmonic freq uencies. The effect i al 0 observed
in the measurement of band-pass networks that have a low

WR at the fundam ntal frequency and a high SWR at the
harmonic frequencies. The ratio of harmonic level to signal
level, in these ca e , i increased by the characteristic of the
device being measured and re ult· in a requirement for
more tringent filtering of the ource ignal.

The G R 164 I Reflectometer has wide application in
production-test facilities; development, re earch, and cali­
bration laboratories; incoming inspection and quality­
control activities. It mea ure one-port two-port and
multipart devices, both pa ive and active, with bidirec­
tional or unidirectional propertie . , ith GR900 precision
coaxial adaptors, accurate mea urements can be made on
devices equipped with a wide variety of connector.
Information can be obtained on a fixed- or swept-frequency
ba i from a meter. oscillo ope or recorder presentation
with go-no-go limits easily establi hed. ince the 164 I is
programmable, it can be controlled from a remote station,
either manually or via a computer.

All the mea urement made with the refJectometer fall
into either the reflection- oefficient (SWR) or tran­
mission-coefficient (insertion 10 ) category, but these two
categorie encompass an extensive Ii t of characteristic.
The reflection-coefficient or SWR category includes return
loss and percent impedance deviation. The tran mi ion­
coefficient or insertion-Io category include i alation,

In 1962 T. E. MacKenzie joined GR's Micro­
wave Group_ Previous employment was with
t he Alford Manufacturing Company from
1954 to 1962. He holds degrees of BSE E
(1958) and MS in Physics (1963) from
Northeastern University_ His work at GR
has been primarily in the development of
microwave instruments, components, and
standards_

J. F. Gilmore Joined General Radio as an
engineer in the Microwave Group in 1963,
after receiving hiS BSEE in 1961 and MSEE
in 1963 from Northeastern Unlveristy. He is
presently engaged In microwave circuit and
component design. He is a member of lEE.

After receiving his EE degree in 1957 from
the Delft University of Technology In Hoi
land, M, Khazam was a project engineer
with the Laboratory for Electronic Develop­
ments for the Dutch Armed Forces. He Join­
ed GR's Engineering Department in 1962
and presently is specializing in the develop­
ment of uhf-vhf instruments and com­
ponents.

attenuation, coupling, directivity gain, and frequency
response. Mo t of the important characteri tics of filler,
antennas, isolators, circulators, switches, power divider,
couplers, amplifier, attenuators, cables, and terminations
are included in these two categories.

The 1641 pro ides a convenient means to measure the
SWR of antennas, to search for resonance, and to
characterize components or semiconductor devices. The
following paragraphs describe orne specific measurement
examples and area of application.

SWR

LOSS

F-Ig r
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FORWARD REVERSE

Figure 15. Insertion loss for isolator in the 2.Q. to
4.Q.GHz range; full scale: 0 dB in 158 and 17 dB in 15b.

REVERSE

FORWARD

(b)

Figure 16. SWR fe. Isola or ,n the 2.Q. to 4.Q.GHz range;
full scale: 1.35.

hgure 17 V :leo detector SWR In the 2.0· to 7 O·GHz range,
full scale 1 35.

10

Figure 18 Termmatlon SWR m the 2.0· to 1.0·GHz rang;
full scale 1.03.
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v C
Figure 14 hows the measured pa band characteristic

of a five- tage bandpass filter over the 463- to 473-MHz
band. ince both the tran mi ion-response and SWR
characteri tiC can be displayed imultaneou Iy, the effect
of peaking in the individual ctions can be quickly and
ea ily determined.

Figures 15 and 16 show the measured characteristics of
an isolator over the 2- to 4-GHz band. The forward
characteristics were measured with the isolator input
connected to the rf unit U KNOW port. he rever e
characteri tics were measured with the i olator output
connected to the rf unit U K OW port. These measure­
ments are typical of those required on circulators, switche ,
power dividers and attenuator .

Figure 17 shows the WR of a video detector over the 2­
to 7- Hz range and Figure 18 how the SWR of a
termination over the same range. The full- cale SWR range
in the first case is 1.35, in the second 1.03. The ripples in
the traces indicate that the ystem re idual SWR is less than
1.0, .

Figure 19 shows the reject-band loss of a nominally
2-G Hz strip-line low-pass filter. he purious responses in
the vicinity of 5 GHz are the re ult of leakage coupling. The
full-scale loss is 17 dB.

The data hown in Figures 17, 18, and 19 were obtained
u ing the ystem of Figure 20, which compri es the 1641,
an Alfred Model 9510 Multi-octave Sweep Oscillator and a

ektronix Type 564 Storage Oscilloscope. The rf connec­
tion between the refJectometer and the oscillator plug­
in. were made through a coaxial switch. To coordinate
the triggering of the oscillator plug-in and the rf switch

ct band 10 of 2 GHz striP I e
I Iter full scale 11 dB

Figure 20. Test assembly for Figures 17,18, and 19.

MARCH/APRIL 1969

Figure 21. Insertion loss for 125 fe t of RG 58 t. cable
full scale 0 oB

with the horizontal-sweep voltage to the oscilloscope, the
oscillator-blanking output was used (through a eparate
switching network). It was also used to switch the leveling
connections. The modulation connections were made in
parallel. The system wa operated continuously with a
sweep time of )0 seconds.

c
Figure 21 shows the attenuation characteri tic of an

RG-58/U cable assembly about 12.5 electrical feet long.
Figure 22 shows the SWR characteri tic. These mea ure­
ment were taken by inserting the cable between the
U K OW port and the transfer detector of the 1641.
The frequency range of measurement i I to 2 GHz, The
attenuation characteristic decreases uniformly from 1.4 dB
to 2.1 dB. he ripple in the SWR characten tic indicates
that the main sources of SWR error are about 12.5 feet
apart (a half wavelength at the ripple-rate frequency); in
fact, th SWR is principally caused by the discontinuities at
the cable-connector junctions.

In many instances it is not po ible to attach a detector
to the far end of a cable - for example, if the cable or
transmission line is long or passes through a bulkhead or is

11



F re 22 SWR for 125 feet of RG 58/U cable;
fu II scale 1.35

attached to an antenna rna t. Measurements of the loss and
SWR characteristics still are of interest. Such measurements
can be accomplished by leaving the far end of the cable
open-circuited (or short-circuited) and by looking at the
return-loss or reflection characteristic only. This is
illu trated in igure 23 for the same cable as that of Fig­
ures 21 and 22.

The attenuation is just one-half of the average indicated
return los because the measured signal travel down and
back the length of the cable. he ripple in the return-loss
characteri lie is a measure of the cable input SWR, which is
given approximately by the voHage ratio corresponding to
the ripple excursion in dB. Thi measurement is limited to
the degree that the value given by twice the cable
attenuation must be at least 10 dB less than the termina­
ted-cable return loss. If this is not the case, then the
attenuation information i lost. or example, if the cable
attenuation i 15 dB, twice the cable attenuation is 30 dB;
the attenuation information therefore i ubmerged in the
cable return loss. In fact, for long, lossy cables (20-dB
attenuation or greater), the SWR can be read directly with
the cable not terminated. In such cases, the cable attenua­
tion can only be determined by utilizing the transfer
dete tor at the far end of the cable.

Figure 24 shows the attenuation and SWR characteristics
of a 50-foot length of RG 214/U cable over the frequency
range of 2 to 4 GHz, measured directly with the transfer
detector. The cable is equipped with GR900 cable con­
nectors, and the SWR is very low except at the points of
resonance. The resonances are caused by periodicity in the
cable itself. The characteri tics in the vicinity of one of the
resonan e are hown in detail in Figure 25. Long cables,
such a this, exhibit SWR's that vary quite rapidly with
frequency, and resonance such as the one illustrated are
not uncommon.

F iJre 24 In rtlon ass and SWR for 50 feet of
RC 214 U cable tile 2 0- to 4.0·GHz range;

flo I scale 1 10 ISWR) " d 10 dB (loss).

ur 21 t of RG 58 U cable
o dB.

Lo v·SIJI/P re 1"

The SWR's of connectors, whether they are on cable,
adaptors or air lines, are usually quite low, and appreciable
SWR re olution is required to achieve meaningful measure­
ments. Figure 26 shows a serie of SWR curves of adaptor
pairs and cables, all on the 1.03 full-scale SWR range. The
frequency band is 250 to 500 MHz.

L 1 i Re to

For the mo t accurate low-SWR measurements at fixed
frequencie , the system residual directivity or residual SWR
can be tuned ut with an impedance matching tuner (such
a the 900- UA or -TUB Tuner) attached to the U ­
K OW port of the 1641. The tuner is adjusted so a null is
indicated on the 1641 while measuring a standard termina­
tion or while using quarter-wavelength or other air-line
techniq ues. 2

When a source is employed that delivers approximately
100 mW leveled power (into 50 ohms), additional SWR

2MacKenzie, T. E. "Some Techniques and Their Limitations as
Related to the Measurement of Small Reflections in Precision
Coax ial Transmission Lines," iEEE Transactions on instrnmentation
and Measurement, Vol. IM·IS, No.4, December 1966. (Available
from GR as Reprint No. AI33)
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GAIN AND INPUT SWR

INPUT
SWR

LOSS
........... (GAIN)

-ISOLATION

.___OUPUT
SWR

(b)
Flgli e 2/
Prear'lpllf r

shows ga and 'lp t ~R

SWR) hg He 21b >IV

scale J7 dB

ISOLATION AND OUTPUT SWR

(a)

s

U e of the 1641 to mea ure the characteristic of active
units, such as solid-state emiconductor devices, is illustrat­
ed in Figure 27, with measurements on a GR 1237
VH / HF Preamplifier. The gain and input SWR measur ­
ments of Figure 27a were obtained by connecting the
amplifier input directly to the 1641 U K OW port, and

resolution can be obtained by calibrating initially at a
2.0- WR level and utilizing a 1.01-SWR full-scale range.

nder these conditions the residual noi e level is reduced
to an equivalent SWR approximating 1.002. ( ote - the
1.0 I scale i obtained by u ing the 1.10 scale and manually
inserting a zero after the te t-data decimal point.)

If peed is required, in addition to the high accuracy
described herein, pre-set tuners can be employed. In thi
manner, production measurements at discrete frequencie
can be made with a minimum of set-up time, and with
dire t readou t.

LOSS

SWR

Fig re 25 DetaIled expansion of 375-GHz
r son I'ce In figure 24 full scale 1 35 (SWRI

and 10 dB (10 I

Flgur 26 SWR curves for assorted adaptor pairs and
cab es In the 250 to 50o. Hz range full scale 1 03.
Curv A ho s the response W th 900-WSO Ter'l1lnatlon
conn at U KNOW port of rf U'llt curve B the
respon W th a pair of 900-0874 Adaptors Inserted be­
tween tint 01' and UNKNOW port Curve C Indl
cate r se af er substitution of gOO-aN Adaptors for
900 0874 Adaptors, curve 0 after substitution of
gOO-aM Adap ors for 90o. a un ts Cli e E shows the
re ponse of 3 feet of RG 214 U cable equipped w th
G 874 loc Ing connectors specla Iy ch 'l to II strate
Optlr'l r onse obtamab e ~urves f- and G II ustfate
norr'la respO'lseS obtainable for 874 R20LA and
814 R22LA Patch Cords (3 feet! respectively, each equip-

ped With GR874 lockmg conn ctors
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by inserting 13-dB attenuation between the amplifier
outpu t and the 1641 transfer detector. The attenuation
combines with the amplifier gain to introduce a net loss
that can be measured directly. The amplifier gain i
determined from the measured loss by subtracting the
amount of attenuation used. Thus, in thi example,
subtracting the 13-dB attenuation used from the mea ured
loss of 0.5 to 2 dB across the band give a -11- to -12. 5-dB
loss or a 11- to 12.5-dB gain. The attenuation wa added
behind the amplifier so the input SWR could be directly
measured with no reconnections. The amplifier isolation
and output WR, as shown in Figure 27b, were obtained by
rever ing the amplifier connections end for end and con­
necting the amplifier input directly to the transfer detector.

The magnitudes of the s-parameters, Is.. I, are obtained
I)

directly from the mea urements described above and are
expressed in dB as return 10 s (ls.. 1, Is .. 1) and in ertion loss

II II
(ls .. I, Is .. I). Similar measurements can be made on tran-

IJ JI . distors, diodes, etc, by the use of appropnate mounts an
bias-insertion units. If dc bias i u ed with the device to be
measured and no internal dc blocks are provided a dc block
is required between the device and the 1641 U K OW
port. The GR 1641 Transfer Detector is internally dc
blocked.

CCE SO IES EO ED
Although the 1641 depends on an external source of rf,

the source requirements are not stringent. Specifically, the
requirements are:

1. 10-mW minimum leveled rf output into 50 ohms

2. capability of being driven by external 10-kHz square­
wave modulation, on-off, in the range of -15 to +15 volt
and of presenting a minimum load impedance of 1 kD. to
the external modulation source (the 1641)

3. capability of being leveled from an external sampling
detector that delivers a control signal with sensitivity in the
50- to 550-mV range for a 30-mW source power input

4. a blanking pul e of ± 3 to 50 volts into 30 kD..

Increasing If output to 200 mW make greater resolution
possible. The modulation and leveling circuitry should not
introduce appreciable differential di tortion of the 10-kHz
waveform. Use of the blanking pulse pecified in (4) is
req uired only for triggering alternate (simultaneous)
measurement of SWR and in ertion loss.

Specific requirements for the oscillo cope are:

I. both axes dc-coupled

2. vertical sen itivity of 0.1 Vfcm or greater

3. horizontal sensitivity consistent with the sweep-signal
output available from the source (0.1 V fcm is usually more
than adequate).

A storage oscilloscope is not necessary for all measure­
ments. It is particularly useful, however, for measurements
of low SWR and high in ertion loss where the sweep speed
must be reduced below flicker speed to accommodate the
system re ponse time. The Tektronix torage oscilloscope is
recommended, and the 1641 calibrated graticule fits this
particular unit.

Design and development responsibilities for the GR 1641 Re­
flectometer were as follows:
T. E. f'v1acKenzie - Project direction. general systems design. and
low·frequency rf unit.
J. F. Gilmore - High·frequency rf unit.
M. Khazam - General-system. detectors and indicator design.
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above 0.5 GHz and the Kruse-Starke Electronics 5000·series of
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CONTINUING EDUCATION

I n line with its policy of supporting the continuing education of
technically inclined readers. General Radio has brought out another
in a seri s of handbooks entitled Handbook of Coaxial Microwave
Measurements intended for use by

• Students involved in academic laboratory experiments

Technicians working the coaxial fields

• Scientists and engineers not indoctrinated in coaxial
electronics. who may have research work involving

coaxial techniques.

Copies are available for readers interested in a publication which
su pplements the conventional text books. Send your order and
check for $2.00 to General Radio Co.. 300 Baker Avenue. West
Concord. Mass. 01781.
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THE VIABLE VHF/UHF PREAMPLIFIER

SPEC F C TONS

Frequency Range: 150 kHz to 1 GHz.

Gain: >10 dB (see typical curve. Figure 3).

Reverse Attenuation: >33 dB, below 700
MHz, >43 dB.

Noise Figure: See typical curve, Figure 3.

Terminals: Input and output, GR874
locking coaxial connectors.

Power Required: 100 to 125 or 200 to 250
V, 50 to 400 Hz, 1.5 W. or 9 V dc, 18 mAo

advantage is as urance of small signal
operation of emiconductor devices
under test, because of the large reverse
loss of the 1237.

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

A low-noise, low-level wideband
amplifier operating in the frequency
range 150 kHz to I GHz i as essential
to the laboratory worker as bread to
the growing child. In the home it
could be used to boost the level of
television signals, if a correct imped­
ance match between antenna and
receiver is establi hed. The new GR
1237 transistor amplifier probably will
not be used in the home but it place
in the laboratory is assured by its
implicity and adaptability.

The GR 1237 amplifier wa
designed for general laboratory u e in
50-ohm systems as an amplifier,
preamplifier, or i olator. It finds
application a part of a sy tem to form
a sensitive, broadband detector system
such as that of Figure 1. Here, a
demodulator, such as the GR 874-VQ,
i operating a a video or envelope
detector, employing a narrow-band,
sensitive I-kHz indicating amplifier
such as the GR 1232 or 1234. The

circuit uffers from lack of sensitivity
and electivity (or susceptibility to
harmonics) a compared with a
heterodyne ystem, but introdu tion
of the 1237 unit improves the
sensitivity, as evident in Figure 2,
while use of a low-pass filter (G R
874- ) at the detector input reduces
usceptibility to harmonic. The

resultant y tem replaces the
heterodyne a a null detector and
eliminates need for a local oscillator.

Another use involves the familiar
GR 1607 Tran fer-Function and Im­
mittance Bridge. The 1237, directly
conn cted to the bridge terminal,
effectively blocks the local-oscilla tor
signal from the bridge and provide a
means for connecting a mixer into the
cir uitry via the output terminal of
the 1237. Bridge measurement errors,
caused by local-oscillator feed through
are eliminated sensitivity is improved
and bridge performance enhanced,
particularly below 100 MHz. Another

Catalog
Number

1237-9700

Description

1237 VHF/UHF
Preamplifier

Price
in USA

$195.00

Figure 1. Detector system using the Type 1237.

Figure 3. Typical noise figure, gain and
reverse attenuation characteristics.
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Type 1822 Digital Voltmeter Calibrator.

The Semiautomatic
DC DVM Calibrator

by Ralph P. Anderson

Block diagram of the calibrator.
Improvements in performance of digital voltmeters have encouraged increased use, with a
correspondingly increased calibration work load. Standards being generated will specify calibration
procedures to assure accurate performance of the meters. With these standards in mind, General Radio
has designed the 1822 Digital Voltmeter Calibrator, which uses semiautomatic techniques to simplify
calibration tests and to save cal ibration man-hours.

Th f\J

Digital voltmeters have taken the accurate measurement
of de voltages from the standards laboratory to the
engineer' workbench and also to the production line,
where relatively untrained personnel can make precision
measurements quickly and accurately. Like any measuring
instrument, digital voltmeters must be calibrated
periodically to assure proper operation within publi hed
specifications. Increasing use of the DVM has strained the
facilities of many calibration laboratories to the breaking
point, because of the complexity, large number, and lack of
uniform testing of the instruments involved. To standardize
pecification format and test methods, the USASI ha

created, and is in the proces~ of accepting, a standard on
automatic voltmeter and ratiometer .

Causes of error in digital-voltmeter measurements can be
divided into two broad categories. The primary errors are
those generated within the voltmeter, and they are inde­
pendent of the character of the voltage source. These errors
are caused by voltage off$'ets, reference-voltage drifts,
hysteresi effects, nonlinearities, and range scaling error.

raditional calibration methods which have been develop­
ed to detect and to correct for these source of error,

16

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

Secondary errors are those that depend on the specific
manner in which the voltmeter is connected or used and, to
a large extent, upon the source characteristics in relation to
the input characteristics of the voltmeter. The finite input
impedance and input current of a DVM cause loading errors
during the measurement of voltages with significant source
impedances. imilarly, the finite isolation impedance can
cause errors when common-mode voltages are present.

The traditional calibration of the DVM leaves these
secondary ource of error undetected. It is in this area that
the U ASI propo ed tandard, 39.6, will have its greatest
impact. It clearly defines these sources of error and
preferred te ting methods so both the maker and user can
agree not only on what a specification means but also on
how to verify it.

The ConceJ

The ideal digital voltmeter would have an infinite input
impedance, zero input current and, of course, similar
characteri tic between each of its terminals and ground. In
approaching these characteristics, digital voltmeter manu-
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facturers have come very clo e to the ideal. The degree to
which they have succeeded, however, may be easily
defeated when the digital voltmeter is placed in a ho tile
environment. Insidious settlement of dust and grime onto
even the best of insulators will eventually change them
from high to low resistance and possibly into a current
generator. Similarly, a small disturbance in the balance of
the input circuits of the digital voltmeter can cause an
offset current that is large with respect to that which the
u er might expect from reading the data sheet. Since the
measurement accuracy of a DVM may well include the
effects of these secondary ources of error, it is imperative
that test. l' r them be included in every calibration cycle
and that the user' be kept informed of the results.

~I £; I L.ment

The General Radio Type I 22 Digital Voltmeter Cali­
bra tor has been designed to test for most of the sources of
error as defined by the proposed SASI Standard. Basically
the Type 1822 is a remotely programmable voltage supply,
with an internal program. Its primary purpo e is to make
convenient and practical the tests indicated in the standard.
It will automatically present a series of low source
impedance, precision dc voltages (from 100!J.V to I J I. I 1
V) to the output terminals to check for the primary sources
of error. Included also are means for checking the input
characteristics, the common-mode rejection, the normal­
mode rejection and manual selection of voltages up to
I I I 1.1 volt.

All precision voltages generated by the 1822 are ulti­
mately referr d to a single specially selected and aged
reference diode, which is housed in a proportionally
controlled oven with fast warmup characteristics. The
reference voltage, II 1.11 volts, is scaled up from the diode
voltage by a resistive divider. The resistors in each of the
dividers are precision wire-wound resistors, wound from the
ame spool, heat treated to relieve manufacturing stresses,

and placed, uncoated, in a common oil bath to achieve, as
nearly as possible, identical changes in temperatures. These
precautions re ult in a ± 1.5 ppm temperature coefficient
for the division ratio and provide excellent long-term
stability.

A photochopper- tabilized amplifier provides the voltage
amplification needed for the kilovolt output range and, on
the lower ranges, serves as a high-input-, low-output­
impedance buffer is lating the dividers from the effect of
varying load .

The VOLTAGE-RA GE switch sets maximum values in
decade ranges from I millivolt to 1000 volts: in each range
the value set by a second control, the digit switch,
multiplies the range by 0 11111, 0.22222, 0.33333,.....
I. I I J 10. The ZE ROS control permits the last 1, 2, or 4
digits to be replaced by zero to match the resolution of the
DVM readout. An automatic stepping mode eycles the digit
~etting upward to maximum and then back down to
one-tenth 0 full scale for a quick check of all the indicators
and of linellfity. After one cycle it can be set to tep down
one range and cycle through the same sequence. Direction
of c unt. range incrementing, and tepping can all be
remotely controlled. Because the voltages generated in
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R. P. Anderson presently is Acting Group
Leader of the ngin ering Department's in­
dustrial Group. He received his MS degree in
Applied Physics from Harvard in 1962 after
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period 1958 to 1962, he served with the US
Navy and worked for Ford Aeroneulronics,
joining GR in 1963. He is a member of
IEEE and Sigma Xi.

the e equences have easily recognized numbers and are
cycled automatically, the operator's attention can be
focused on the DVM under te t.

The output switching can reverse the output polarity,
hort the terminals, and modify the basic dc voltage by the

addition of common-mode or normal-mode interference
voltages or by a change in the output impedance. This
switching also provides a safety interlock that prevents
dangerous output potentials in the 1000-volt range from
being selected or programmed accidentally.

The 1822 can be completely calibrated against a primary
voltage standard by conventional methods, and its inherent
stability will permit a six-month recalibrati n cycle. or a
simple check for changes in the internal reference, dividers,
or output amplifier, a "simulated standard-cell output" is
available that can be compared by a simple null measure­
ment against a saturated standard cell.

For voltage. that are not generated in the sequences of
similar digits and zeros, the u, er may easily substitute an
external voltage divider in place of the internal, auto­
matically switched dividers of the 1822. Either a simple
resistive divider or a Kelvin-Varley Divider may be used to
generate any voltage from microvolt to J 11 1.1 volts, with
the divider itself varying only between I millivolt to 1I 1.11
volts.

Its Appl icatlOns

While the 1822 i ideally suited, because of its mobility,
to calibrating DVM's on location in the laboratory, pro­
duction line, or inspection department. it is not limited to
this use. Any precision in tru men t tha t requires, transmits,
or transduces analog voltages can be calibrated and its
usceptibility to interference determined readily by the

1822. Analog-to-digital converters, telemetry systems, and
analog voltmeters are typical examples.

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

The 1822 is a convenient, stable transfer standard that
moves easily from the standards laboratory to wherever the
DVM's are used. Because of its flexibility, time savings, and
ease of use, it can be used economically more frequently
than conventional calibration instruments, thu assuring
more reliable re ults from all voltmeters. With the 1 22,
testing for secondary error sources is more practical than
ever before.
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NOISE,
NOIS

AND MORE
NOISE'

.20 Hz to 20 MHz, ±1 dB

.30-JlV to l-V output, open circuit

The GR 13 3 Random- oise
Genera tor i a white-noise ignal
source of contant spectrum level,
operating in the frequency range 20
Hz to 20 Hz. Output level is at one
voll into an open circuit, derived from
a 50-ohm source impedance. Level i
adjustable over a range of 80 dB. This
in trument complements random-noise
generatorsGR 1381 (audio frequency)
and GR 1382 (sub-audio frequency),
described in the GR Experimenter
issued January 196 .

What's It Good ForI

Experimenter will use it as a
source of controlled background noise
while studying signal-detection and
-reception sy terns. Measuring noi e
temperature or noi e figure of the
input stages of an amplifier, within the
pecified frequency range, is greatly

simplified. l A imple reminder - the

13 3 become a 50-ohm source of
noise, whose equivalent temperature i
the ambient temperature when the
power is not turned on.

U e it for checking intermodulation
distortion 2 - apply a noise pectrum
to the amplifier input, remove a band
of noise frequencies from the input by
means of a band- top filter check the
output of the amplifier, u ing a band­
pass filter of the same frequency range
a the band-stop filter to determine
how much intermodulation product
ha appeared in the vacant band. Thi
is a useful check for general quality of
performance.

1 Mumford W. W., and Scheibe, E. H., Noise
Performance Factors in Communication
Systems, Horizon House-Microwave, Inc.,
1968.

2lcenbice, P. 1. Jr., and FelJhaur, H. E.,
"Linearity Testing Techniques for Sidehand
Equipment," Proceedings of the IRE, Vol.
44, pp 1775-1782, December 1956.

Figure 1. Block diagram
of the GR 1383.
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J. J. Faran, Jr. IS a graduate of Wash ing ton
and Jefferson College (AB-1943) and
Harvard UniverSity (MA-1947 and

PhD-1951). As a Research Fellow at
Harvard, Dr. Faran worked on correlation
techniques as applied to acoustic receiving
syslerns. In 1952 he joined GR's Audio

Group and has since developed a variety of
instruments, including record rs, voltmeters,
and analyzers.

Check interference in multichannel
communication y tern. The broad
bandwidth of the 1383 encourages its
use at intermediate and radio frequen­
cies. Interference produced in channels
adjacent to the te t channel may be
useful for investigating interference­
mi tiga tion methods.

lIow about checking effective-noise
bandwidth of filter? Apply a noise of
known bandwidth to the filter input,
and compare noise amplitude at input
and output. The reduction in level is
proportional to the square root of the
ratio of the effective noise band­
widths. ote the bandwidth of the
noise utput of the 1383 is 20 MHz
±5%.

A feedback sy tern, shown in the
block diagra m of Figure I, can trol
the filament current while maintaining
a can tant plate current. The gen­
erated noi e voltage level is stabilized
in thi manner, ince it i dependent
upon the square root of the dc plate
current. oise current from the diode
is amplified in the frequency range 40
to 80 MHz and heterodyned against a
60-MHz os illator . ignal, producing
noi e in the dc to 20- Hz band. The
"video" amplifier produces an output
noi e level of one volt rms, open
circuit. The harp cutoff filter follow­
ing the mixer provides very accurate
definition of the effective bandwidth

of the genera ted noise and helps
red uce 0 cilia tor leakage in to the au t­
put.

We have rede igned the high-fre­
quency section of the old 1390-B
Random- oise Generator, extending
the upper limit of the bandwidth from
5 MHz to 20 MHz; tightened toler­
ances on pectral Oatness; made the
amplitude distribution . ymm trical;
buill in a constant and more practical
output impedance; and restyled the
cabinet. We believe you'll find the
1383 quite u eful.

- 1. J, Faran. Jr.

S EC F (' TO

(0 is the standard deviation or rms value of the noise voltage.)

Spectrum: Flat (constant energy per hertz of bandwidth) ±1 dB
from 20 Hz 0 10 MHz, ±1.5 dB from 10 MHz to 20 MHz.

Waveform: Table shows amplitude-density-distribution specifications
of generator compared with the Gaussian probability.<Jensity func­
tion. as measured In a "window" of 0,2<1, centered on the Indicated
values

Output Voltage: Full output 1 0 V rms min, open Circuit.

Output Meter: Indicates open-circuit output voltage ahead of 50 n.
Output Impedance: 50 n. Can be shorted without causing
distortion.

Amplitude Control: Continuous control and 8-step, 10 dB-per-slep
attenuator

Output Terminals: GR874 coaxial connector that can be mounted
on either front or rear panel

Accessories Supplied: Spare fuses, lamp, power cord.

Power Required: 100 to 125 or 20010 250 V, 50 to 400 Hz, 40 W.

Amplitude Density Dist of
1383

±o.005
±o.005
±o,003
±o.0003

0.0796
00484
00108
0,000898

0.0796
0.0484
0.0108
0,0008 8

Gaussian Prob.
Dens. Function

o
±a
±20
±3<1

Voltage

The noise from the 1383 can be
used to mouulate a signal generator to
produce sidebands of noise at almo t
any frequency. Th' modulation band­
width will, in most ca e', be limited by
the modulation amplifier in the signal
generator rather than by the 20-MIIz
bandwidth of the 13 3. If broader
bands of noise are required, and the
carrier frequency is undesirable, mix
the noise with a sine wave from a
signal generator in anyone of several
balanced mixer units which are com­
mercially available.

arr w band of noise are easily
produced by building tuned circuits
into GR 874-X Insertion nits for
in ertion in to 50-ohm line: more com­
plicated filters designed for operation
in 50-ohm lines may be in erted in
eries with [he output.

Catalog
Number Descript ion

Pnce
in USA

The noise source is a temperature­
limited thermionic diode, commonly
accepted a a random-noi e tandard.

1383-9700
1383-9701

1383 Random·Noise Generator
Bench Model
Rack Model

$775.00
795,00
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Figure 1. GR 1442
CoaxIal Resistance Standard.

STABLE SERIES OF COAXIAL RESISTANCE STANDARDS

FREOUENCY tIIH'

Figure 2. Typical ratios of effectIve series resistance
to dc reSIstance, With a

GR 900·WN Short CIrCUit at one end.

Whell shorted at one end, the 1442
can bc used to calibrate high-fre­
quency resistance bridges. 'uch as the
G R 1606-B, and imilar in truments. It
can be used al a to calibrate a wide
range of instruments for dissipation
factor. conductance, or Q when COll­
nected in series with a coaxial capac­
itance tandard. This can be particu­
larly useful in material laboratories
and in similar activities that do not
have immediate access to the services
of a high-frequency ell' ·trical stand­
ards laboratory. few 1442 resistors
and G R 1405 or 1406 capacitors will
provide a number of di ipation-factor
combination in the range of amples

100'0

092f----

094f--

3Calibratioll and Test Ser"ices of tire NBS.
Special Publication 250 - 1968 Fdilion. p
7.12 and 7.30.

IC_ I Tf'T]

02~

o96r---....

098f---+-

able means of connection for two­
terminal devices at lower frequencies.
The low resistance and the accurately
defined reference plane, plu the pre­
ci ely repeatable inductance and
capacitance when connected to dif­
ferent instruments, make it possible to
construct and to calibrate impedance
standard for a wide range of fre­
quencies and u cS. Precision coaxial
connectors are essential for the highest
accuracy when radio-frequency re ist­
am:e calibrations are made by the

'ational Bureau of Standards. 3

1Orr, R. W., "Capacitance Standards With
Precision Connectors," Geheral Radio
Experimenter, September 1967.

20rr, R. W., and Zorzy, J., "More Coaxial
Capacitance Standards," General Radio
Experimenter, May 1968.

The GR 144_ Coaxial Re. istance
tandard (Figure I) are the most

recent addition to the line of General
Radio impedance .tandards with
coaxial connectors. A in the capac­
itors described previously",2 the
GR900® connectors make it po ible
to have two-terminal impedance
. landards for the radio-frequenc
range. \ hich can be calibrated to a
high degree of accuracy.

The G R 144 _ resi tor consi ts f
two GR900 connectors with a short
lenglh of outer conductor forming the
hou.ing lor the resistor. The re'i lance
ekl1lent. consisting of a cluster of
melal-film resist rs, is connected be­
tween the two inner contacts. 'I he
length of the assembly has been made
as short as posible in order to keep
both the inductance and capacitance
low.

The two GR900 connectors permit
u'e 01 the 1442 resistor in two dif­
ferent ways. One u e I as an indi idual
resislance standard, obtall1ed b} short­
ing one end with a GR 900-\ N hort
Clr 'uit l'enninatlOn and using the
other end for the terminals. The other
use IS as a resistor in senes with other
impedance standanls having GR<JOO
connectors. This pro\ldes a wide range
of combinations for calibrations and
other measurement purposes.

fhe characteristic thal make the
GRl}OO connector so useful at micro­
\\ave frequencies a!' 0 make it a desir-
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R. W. Orr received his BS in EE from Texas
A&M in 1928. He held technical positions
with General Electric Company, RCA, Erie
Resistor Corporation, AMP Inc., and Aero
vox Corporation prior to joining General
Radio in 1964. Presently he IS a member of
the Engin erlng Department's Impedance

Group. Mr. Orr is a memb r of IEEE and
ASTM. He is Chairman of ASTM Committee

0-9 on Electrical Insulating Materials,
member of Committee 0·27 on Electrical
Insulating liqUids and Gases, and Associate
of the NAS/NRC Conference on Electrical
Insulation and Dielectric Phenomena.

4Sinclair, D. B., "Type 663 Re islor - A
Standard for U e al High ~ requencies,"
General Radio Experimenter, January 1939.

Cawlog Price
Number Description Resistance In USA

1442-9705 1442-F 5n $65.00
1442-9706 1442-G 10n 65.00
1442·9707 1442-H 20n 65.00
1442-9708 1442-J 50n 65.00
1442-9709 1442-K lOOn 65.00
1442-9710 1442-l 200n 65.00
1442-9711 1442-M 500n 65.00
1442-9712 1442·N 1000n 65.00

SPECIFICATIONS

Initial DC Accuracy: ±(Q.l%+0.3mnl.

Stability: ±0.05% per year.

Dissipation: 1 W max.

Capacitance (Inner to outer conductor). 5
pF, typical.

Inductance: 9 nH, typical.

TemPJlrature Coefficient of oResistance: ±50
ppm/ C, except ±100 ppm/ C for 1442·F.

R. W. Orr

for all resistance values. At the lower
value of resistance, R 2 C2 is les than
2LC, making the denominator Ie
than one, and the effective resi tance
ri e as the frequency increases. In th
higher re istance values R 2 C2 i great­
er than 2LC, making the denominator
greater than one, and the effective
resi tance decrea es with frequency.
The term w2 L 2 2 is relatively mall
for these resistors at the frequencies
hown in igure 3. more complete

analysis of resistor performance at
radio frequencie i given in an article
by D. B. Sinclair.4

normally measured. These can be u ed
for routine calibrations or as a check
when the re ult of a measurement on
a ample appear questionable.

The change in effective eries resist­
ance with frequency for 1442 resistors
is shown in Figure 2. The change in
reactance with frequency i hown in
Figure 3. ubstantially, aU the change
in effective re istance for the range
hown by the curves i due to the

inductance and the capacitance of the
resistor. This i explained by reviewing
the equation for effective eries resi ­
tance R e of the re istor whose equiv­
alent circuit i hown in Figure 4. For
analysis, one end of the resistor is
shorted.

The denominator ha been re­
arranged somewhat from the u ual
form to make it easier to ee the
effects of the individual parameter.
The value of L in this equation is 9
nH; the capacitance 3.4 p ,the sum of
2.5 pF acros one end of the resistor
as embly and 0.9 p acro the re istor
proper. The e inductance and capaci­
tance value are ubstantially the arne

o
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Figure 3. Typical ratios of effective series reactance
to dc resistance, with a

GR 900-WN Short Circuit at one end.

Figure 4. EqUivalent circuit for
GR 1442 resistance standards up to 100 MHz.
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Type 1863 Megohmmeter - Inspection Model

Type 1864 Megohmmeter - Laboratory Model

familiar tandby for GR cu tom­
er the popular I 62-C Megohm­
meter - ha been replaced by two new
units, Types 1863 and 1864, which
require fewer adju tment and are
ea ier to use.

The I 63 i recommended for
production and in pection te ting of
in ulation at five test voltages in the
range 50 t 500 volts. Resistance
ranges from 50 kn to 20 Tn will
cover mo t in ulation specifications.

The 1864 will an wer the need for a
lahoratory-type in trument; but al 0,

il. use is recommended for production
testing at voltages not available in the
Type 1 63. Thi new in trument meet
such requirements as 1000-volt check­
ing, leakage te ting of emi-conductor
and capacitors to a low as 10 volt ,
and te ting for rever e leakage of rec-

tifiers. The highest range of the in tru­
ment - 200 Tn - i mo t u eful for
re earch and development work involv­
ing insulating materials.

Leakage te ting of paper, pIa tic,
ceramic, and mica capacitors tradition­
ally has been accomplished by
mea urement of insulation or leakage
resistance of the apacitor. Te ling of
electrolytic capacitors of the alum­
inum- or tantalum-plate type usually is
specified as a mea urement of the
leakage current, a method al 0 em­
ployed in the inspection of semi­
conductor device. Either megohm­
meter, plu Ohm' Law, will accom­
pli h the pecified te t.

tability of calibration is main­
tained by use of a four-transistor unity­
gain amplifier with FET input circuit­
ry. In addition, no warmup drift is

SPECIFICAT ONS

encountered, and high zero tability is
maintained during operation. Human
engineering has not been overlooked,
as evidenced by the warning light that
i activated by application of the te t
voltage. Also ontinued are u e of the
M UR - H RGE-DI HAR
switch and provi ion for performing
grounded and ungrounded measure­
ments. Sy tern engineering application
of the in trument is en ouraged by
providing rear terminal acce to an
output voltage that is inver ely pro­
portional to R x' Thi proportional
voltage may be u ed to trigger a limit
indication or an actuating mechanism
in an automatic y tern. Its value varies
from 0 to 4 volt when test voltage of
100 to 1000 are used; the value is
proportionally Ie s at lower te t volt­
ages.

Voltage and Resistance Ranges:

50.100 V 50 kn
200.250.500 V 500 kn

Rmax Useful
10% of Scale 2Yz% of Scale RangesVoltage I Rm,n

Full Scale

Type 1863

500Gn
5Tn

Type 1864

2Tn
20 Tn

7
7

Resistance Accuracy: ±2 (meter reading + 1)% on lowest 5 ranges
(min reading is 0.5). For higher ranges add.

sixth seventh eighth

1863 2% 4%
1864 2% 3% 5%

Voltage Accuracy (across unknown) ±2%.

Short-Circuit Current: 5 mA approx.

Power Required: 100 to 125 or 200 to 250 V. 50 to 400 Hz. 13 W.

Catalog Price
Number Description in USA

22

• Recommended limit.

10 to 50 V
50to 100V

100 to 500 V
500 to 1000 V

50 kn
200 kn
500 kn

5Mn

500Gn
• 5 Tn

5Tn
50 Tn

1863 Megohmmeter
2Tn* 7* 1863-9700 Portable Model $385.00

20 Tn 8 1863-9701 Rack Model 385.00
20 Tn" 7*

200 Tn 8 1864 Megohmmeter
1864-9700 Portable Model 485.00

1864-9701 Rack Model 485.00

GENERAL RADIO i=xperimenter



The Type 149 I Decade Ind uctor
incorporates everal G R940 Decade
Inductor nit within, and insulated
from, a ingle metal hou ing. The
assembly offer moderately preci e
tandards of indu tance, with value of

Q mut:h higher than air-core coil at
audio and low radio-frequency opera­
tion. omplete pecification are avail­
able from GR atalog T.

Catalog Number Inductance

I 940's Pnc 111 USA
Bench Rack Description Total Steps Included Bench Rack

Decade Inductor I

1491-9701 1491-9711 1491-A 0.111 H 0.0001 H DO, E, F $615.00 $630.00
1491·9706 1491·9716 1491·F 1.111 H 0.0001 H DD,E,F,G 795.00 815.00
1491·9703 1491·9713 1491·C 1.11 H 0.001 H E,F,G 595.00 610.00
1491·9707 1491·9717 1491·G 11.111 H 0.0001 H DO, E, F, G, H 995.00 1015.00
1491·9704 1491-9714 1491·0 11.11 H 0.001 H E,F,G,H 795.00 815.00
1491·9702 1491-9712 1491·8 11.1 H 0.01 H F,G,H 615.00 630.00

General Radio announces the first broadly applied
quantity di count policy in the electronic indu try; it ap­
plies for all cu tomers and to all products.

ince it cost us les per unit when everal, even two
items are ordered at a time, R will hare thi avings with
its customers. Anticipate your needs, corisolidate purchase,
and save your money. The full discount schedule hown
below became effectiv arch 2, 1969.

Plan to u GR's NEW Guantlty
Discount

QUANTITY 2-4 I 5-9 I 10-19 20-49 50-99 I 100

DISCOUNT List 3% I 7% I 10% 13% 17% I 20%
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WEST CONCORD, MASSACHUSETTS 01781

617 369-4400

SALES AND SERVICE

ATLANTA
·BOSTON
BRIDGEPORT

·CHICAGO
·CLEVELAND
COCOA BEACH

·DALLAS
DAYTON

404 63~183
617646-0050
203 377-0165
312992-0800
216886-0150
8OC241-5122
214 637·2240
513 434-6979

DENVER
DETROIT
GREENSBORO
HOUSTON
HUNTSVILLE
INDIANAPOLIS

·LOS ANGELES
·NEW YORK

303 447-9225
313261-1750
919288-4316
713622-7007
600 241-5122
317 636-3907
213469-6201

( y) 212964-2722
(NJ) 201 943-3140

ROCHESTER
PHILADELPHIA

SAN DIEGO
·SAN FRANCISCO
SEATTLE
SYRACUSE

·WASHINGTON.
BALTIMORE

315394-2037
215 646-8030
714 232-2727
415948-8233
206 GL4·7545
315454-9323

301946·1600

INTERNATIONAL DIVISION

ORWAY
Gust.... A. RlnQ A/S
0,10

UNITED I GOOM
Ganaral RadiO Comoany

IU.K.) LIm,ted
Bourne End,

8uc:1tlnv.nam,nlra

YUGOSLAVIA
Sanfor!l de Brun
Wlen,O,tarr,"ch

SWEDE
Firm. Johan Lagercrana IC8
Solne

SWl TZE R LAN 0
Sa,.tfar I< CD. AG
2imch

GREECE
MaliCK O. egg,o
At"aM

ISRAEL
eBstrOn c:s Ltd.
lal A ...I...

ITALY
InQ, S. & Dr. GuidO OBloul
Milano, Genoye,

Rome, Napoli

NETHERLANDS
Groenpol Groep Var 000
Am..terdam

FRANCE
General RediD Franca SA
Panl, Lyon

GERMANY
Ganer. Radio GmbH
Muncha"

orddautseha VanratunQ
Or.·ln~ Nunl.."
WacMl

BELGIU
Gr~npol BelglQua S. A.
81u,.;all.,

DEN ARK
Seml..- & ManhlMnn
Kebenluoven <J

EIRE
Gena181 Radio Company

(Owtr1oeIllS
G.ner RadIO Company

tU.•) Lun,ted

F. LAND
Into o·y
Halilnkl

AUSTRIA
Olpt. In~ Pete, Marchetti
Wlan

TAIWAN
He.gl'lt.n Scientific Co.• Ltd.
Taipei

THAILA 0
G. S,mon R.dlO Company

Ltd.
a.ngkok

TURKEY
Mevao Eng."..nnll. Trading

and Indust,.., Corporation
Istanbul

REPUBLIC OF SOUTH
AFRICA
G. H. L.ngl~r & Co.• Ltd.
Johanne.burg

SOUTH and CENTRAL
AMERICA
Ad. Aurjemll. IF'C.
New YOf"k

WEST CONCORD, MASSACHUSETTS 01781, USA

• GENERAL RADIO COMPANY (OVERSEAS)
Helenastrasse 3, CH-8034, ZUrich 34, Switzerland

MEXICO
F,..din 5.A.
Maklco,O.F.

NEW ZEALA 0
w. &0 K. McLaan LImited
Auckland

PHILIPPINES
T. J. Wolll & Comoany
M.k.tl. R118'

PORTUGAL .nd SPAIN
Ad. Aurlerna. Inc.
~Yo(k.

Madrid, USbOn

PAKISTAN
Pakland Corporation
Karachi

JAPAN
""tldort .... EllICtric: Co., Ltd.
Tokyo

KOREA
M·e Inl.rnatiOMI
s.n Franclsc:o,
Saoul, Korea

MALAYSIA and SINGAPORE
Vanguard Corn-Olinv
Kuala Lumou,. Malay~aOEMOCRATIC REPUBLIC

OF THE CONGO
AUl;IOlpn-DHco Co•• Inc_
New YOr~

INDIA
Mot""'''". Prlvete LImIted
8ombtly, Celcutta, Lucknow.
<Inpur, New O~"I.

Senplof., Mad'..

AUSTRALIA
W.rburton Fr.nkl Indu~trt~

Ply. Ltd.
Sydney. Melbourne,
adsban., Adelaide

CANADA -
.Oe,..er.' Rad,o CeNf:M Limited

Toronto.
Manu ..l. Onawa

• Repair services are available at these offices.
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Do we have your correct name and address-name,

company or organization, department. street or P.O.

box, ci.y. state, and zip code? If not. please clip the

address label on this issue and retur'h it to us with cor­

rections or. if you prefer. write us; a postcard will do.
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THE COVER Experts ill the field of sound and vibration are face to face with a problem
peculiar to twentieth-century civilization - NOISE. We hear, from all directions, of the
effects of noise pollution upon the well-being of the general public_ We recognize
also that noise can be an indicator of trouble, an element of danger, or a mask to cover
desired information. In order to mitigate noise, we must evaluate its effects by per­
forming measurements and studying the efficiency of noise-reduction eHorts. Most
desirable in noise studies is an ability to make instant evaluations through real-time
measurements. Our cover depicts some areas of concern to the public, to engineers, and
to the government. GR hopes that its latest contribution, the GR 1921 Real-Time
Analyzer, will help establish new standards for allowable noise levels, improve mechani­
cal designs, and contribute to the health and safety of all people.

THE &
GENERAL RADIO ~

Experimenter

C. E. White
Editor

A recent article in the National Confer­
ence of Standards Laboratories NeSL News­
letter asked the question "Do specifications
really specify?" ditors of several trade jour­
nals also have been beating the drums to start
a parade for clear and undeceptive specifica­
tions. A most important point raised was reo
f Iec t ad in the com ment " ... bad specs
drive out good ones."

The subject of specifications is one that is
very sensitive to the economic feelings of in­
strument manufacturers. Specifications are
the links that form the bond between pro­
ducer and customer. That bond is only as
strong as the weakest link, which could easily
be a specification that is not attainable or can
~ met only under controlled (but not speci­
fied) circumstances.

A link can be found weak for other
reasons, one of which is use of unclear or
strange language. Lack of definitions for
special terminology employed in some fields
of instrumentation technology is, too often,
the root of the evil of ambiguous wording.
Another weakness may arise in the choice of

tolerances; these can be based upon actual
production test results with a clear under­
standing, or expression, of the standard devia­
tions of the basic test data. Unfortunately, no
sta ndardized approach exists with which
manufacturers may comply and the customer
is left, too often, to determine how accurate­
lya tolerance has been derived.

More thought is required, both of custom­
er and producer, which will lead to a recogni­
tion of what is good, what is necessary. and
what is sufficient in presenting specifications.
General Radio has pondered the problem of
s ifications for many years and, in its own
way, has tried to present to the customer
what it believes is a true specification for in­
strument performance. We wonder some­
times whether we might say less. or more, in
presenting a parameter for instrument per­

formance? Perhaps our readers have some
thoughts on the subject?
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New-Generation Acoustical Ana Iyzer
A sound and vibration analyzer. conceived as a third-generation answer to analysis and interpretation

of an increasingly complex environment on land. under sea, and in the air. This prodigy gives 1/3-octave
spectrum analysis from 3.15 Hz to 80 kHz and employs a unique digital-detection technique to achieve
performance unattainable with analog instruments.

by W. R. Kundert, J. A. Lapointe, and G. R. Partridge

THEBROADVIEW

Long Time or Real Time?

This hurried world of ours substantiates the maxim that
"Time is of the essence." The pressures placed upon de ign
and development activitie leave little doubt that solving en­
gineering problems in real time is a capability most engineer­
ing activitie must have, in order to remain virile and com­
petitive. Con ider the fact that the GR 1921 Real-Time
Analyzer will measure an unknown noise spectrum and give
you the corresponding Stevens loudness level, all in 0.5

MAY/JUNE 1969

second! Or that acoustic recordings of swiftly-moving
vehicles, even planes, are accomplished so quickly that in­
structions for corrective measures can be transmitted to the
vehicle, received and effected, and the results recorded while
vehicle and station are till in a line of ight! This analyzer is a
major contribution to active and meaningful research, devel­
opment, and production.

Quickly summarizing, we can ay that, when an analysis
must be completed on-line, when large quantities of data are
to be analyzed, or when a series of contiguous spectra is
desired (e.g., automobile and airplane pass-by studies), real­
time analysis is essential.

Background

Analysis of sound and vibration phenomena has passed
through several tages, the most primitive and still widely
used system being that of the human auditory enses coupled
with vision. Sophisticated electronic sy tems in the second

Type 1921 Real-Time Analyzer,
with accessory Type 1921-P1

Storage Display Unit.

3



Figure 1. GR1921 Block diagram.

...---- GR 1925----l------GR 1926------...

stage helped to generate records of tests that were far more
useful and durable. These systems, still employed, include
sound-level meters, vibration meters, and swept (or serial)
analyzers of many types. The advance from primary to sec­
ond stage, unfortunately, did not provide a fundamental and
necessary asset - the ability to analyze rapidly and auto­
matically.

Looking back through the past three decades, we find an
increased emphasis upon the vital need to cope with noise and
vibration problems arising from technical advance in propul­
sion and other fields. Engineers have been forced to colleGt
huge amounts of data, often laboriously, in order to analyze
the complex problems involving various types of machinery,
vehicle, and the disturbances that contribute so heavily to
noise pollution of our living environment.

Some Design Views
An analysis of a time-varying signal, conducted with a

conventional 1/3-octave serial analyzer, can employ a tape
loop, which allow the test signal to be played back repeated­
ly as the analyzer is stepped to, or swept by, each center
frequency. This method of analysis is quite time consuming
and is not suitable for "on-line" operation.

Several methods of making real-time I13-octave analyses
are possible. One technique employs conventional I13-octave
analog filters followed by a set of analog detectors, or signal
averagers, and a scanner. A dynamic range of no more than 30
to 40 dB is possible in an analog square-law detector (range
changing in a real-time analyzer is not po ible), and this is
inadequate for many applications.

Digital filtering and the discrete Fourier Transform have
been known for some time, and the science of digital signal
processing is now rapidly advancing. The Fourier Transform
is a natural basis for designing a spectrum analyzer; unfortu­
nately, though it is easy to apply and to understand for a
simple periodic signal, its use in analyzing complex or random
signals is not fully understood and processors are only now
available with sufficient speed to cover the audio range in
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real-time. Though a purely digital, real-time, 1/3-octave
analyzer with wide-dynamic range is within the state of the
art, it would be a very expensive device. So called recursive
digital mtering must be ruled out because present-day proc­
essors are still too slow for full audio range 1/3-octave proc­
essing in real-time.

Our Design Choices

In the GR 1921 Real-Time Analyzer, we have chosen
analog filtering and digital detection, taking advantage of
both techniques to give us greatest accuracy and dynamic
range. It is designed for sound and vibration work that often
involves signals which may be random or totally unspecified.
As a real-time analyzer it has many filter-detector channels,
all energized concurrently by the signal to be analyzed. Our
packaging permits independent use of the two basic units ­
the GR 1925 Multifilter l and the GR 1926 Multichannel
RMS Detector. (See Figure I.)

The GR 1925 Multifilter supplies summed and scanned
outputs, in addition to its parallel output, providing for its
use in a variety of spectrum-shaping, equalizing, and spec­
trum-generating applications. A signal connected to the GR
1925 drives all attenuator-filter channels simultaneously.
Gain in each channel is calibrated and adjusted in I-dB steps
over a 50-dB range. The attenuators may be used to com­
pensate for over-all measuring-system response errors. They
also serve to de-emphasize, or pre-whiten, the input spec­
trum, thereby increasing the effective dynamic range of the
GR 1921 system to as much as 95 dB.

One-third-octave filters, ranging from 3.15 Hz to 80 kHz
and complying with current lEe and USA Standards,* are
available in regular versions of the GR 1921. Octave-band
filters ranging from 4 Hz to 16 kHz are also standard and

1 Kundert, W. R., "A Calibrated Spectrum Synthesizer," General
Radio Experimenter, October 1968. The GR 1925 may be pur­
chased as a separate unit.

"IEC Publication 225-1966 and'USA Standard USAS St.II, 1966
Class 3 (High Attenuation).
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W. R. Kundert joined GR's Audio Group in
1959. between Northeastern University de­
grees (BSEE - 1958 and MSEE - 1961). He

was made Group Leader of the Acoustics/
Signal Analysis Group in 1968. He is a mem­
ber of the IEEE. Audio Engineering Society.
Acoustical Society of America. and Eta
Kappa Nu.

J. A. Lapointe holds degrees from North­
eastern University (BSEE-1957 and MSEE­
1959). At Raytheon Company he performed

radar system circuit design. was responsible
for systems design and project management
at Sanders Associates. and acted as consultant
at Signatron. In 1967 he joined GR. special­
izing in digital signal processing techniques.
He is a member of IEEE and Eta Kappa Nu.

G. R. Partridge received his PhD(EE) degree
from Yale in 1950 and taught at Purdue Uni·
versity duri ng 1950-55 (Associate Professor
EEl. He joined Raytheon Company in pulse·
communication work in 1955. transferring
to GR in 1962 for design work in pulse gen­
erators and amplifiers. In 1958 he published
Principles of Electronic Instruments (Prent­
ice-Hail) and is author of numerous tech­
nical papers. His memberships include IEEE.
Acoustical Society of America. Tau Beta Pi.
Eta Kappa Nu. Sigma Xi. and he isa registered
Professional Engineer in Massachusetts.

Figure 2. Dynamic range capability.

70-dB SPECifiED
DYNAMIC RANGE 60-dB

OISPLAY RANGE

BOdB J L
J ---L....-~;--9

---------r------ RMS NOISE LEVEL

and the e circuits have a dynamic range, measured from
overload to noise level, of more than 80 dB. In the digital
circuits it is only necessary to carry enough significant
digits to attain the desired dynamic range.

The dynamic range situation for the GR 1921 analyzer is
illustrated in Figure 2. On a per channel basis, the rms noise
level is more than 80 dB below the peak-overload level. The
specified dynamic range, the range of instantaneous levels for
which signal-to-noise ratio is greater than 10 dB, is 70 dB. The
display range extends from a level at least 10 dB above the
noise floor to a level 10 dB below the peak-overload level.

DIGITAL DETECTION ADVANTAGES

Wide Dynamic Range

There is really no fundamental limitation on dynamic
range once a signal is converted to digital form, as there
always is in the analog world. In the GR 1921 analyzer, only
the multiplexer and AID converter tretch analog techniques,

available; narrow-band filters ranging from one-third to one­
tenth octave are available on special order. The multi-filter
chassis will accommodate up to 30 filters. Peak monitoring
against overload is a standard feature, a well as mechanical
key-locking of attenuator ettings.

The GR 1926 detector can be used independently to
measure as many as 45 signals simultaneously, which may be
derived from multiple transducers or other sources. It can be
considered a a 45-channel voltmeter with near-ideal charac­
teristics. The detector operates by sampling each input chan­
nel and feeding these samples to the digital circuits that are
time shared on all channel. It i available in 30- or 45-channel
versions.

The detector simultaneously computes the rms level for
each filter channel in the GR 1925. Up to 1024 samples are
taken from each channel; the samples are converted to a digit­
al binary number and squared. The squared values are accu­
mulated in a memory register where spaces are provided for
all channels.

Single integration or measurement periods are adjustable
in nine octave steps ranging from 118 to 32 second. For
integration periods of I second and longer, 1024 samples are
taken from each channel during the integration period. For
shorter integration period the number of samples is propor­
tionately reduced, with a minimum of 128 samples being
taken in a 1/8-second integration period. At the end of an
integration period, the sum-of-square value is converted to
decibels for output presentation. A single answer can be fed
to a high- peed receiving device in about 15 IJ.S, and all chan­
nellevels can be presented at the output in Ie than 1 ms.

Output data are presented simultaneously in digital (BCD
format) and analog forms, and on a front-panel visual nu­
meric display. Control signals and format are designed to
permit output interfaces with a digital computer, printer,
oscilloscope, automatic dc step-chart recorder, or X-Y pIot­
ter. A panel control allows the operator to add a scale factor
to the digital output. The detector requires an input signal
level of I vol t rms for full scale maximum output. The output
indication corresponding to a I-volt input signal is adjustable
from 60 to 159 dB in I-dB steps.

Band numbers are presented with each output level and
are set to correspond to the USA Standard Band Numbers for
1/3-octave filters (USAS S1.6 - 1967) for the particular ver­
sion of the GR 1921. The number of channels to be displayed
is controlled by the LOWEST BA D UMBER and HIGH­
EST BA D NUMBER control settings.

Two extra internal channels are included, to calibrate zero
level and full scale on the 1926. They can be measured during
each integration period to monitor calibration continuously,
if desired. The calibration channels are also intended to be
used to set up analog output equipment, uch as a reader or
oscilloscope.

MAY/JUNE 1969 5
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Figure 4. Block diagram of typical analyzer/computer system.

Figure 3. Example of analyzer/computer system.

This ensures a crest-factor capacity, even at full scale, of 10
dB. Though instantaneous levels ( ampIes) over a range of
more than 80 dB are taken into account in computing band
levels, answers in the lowest 10 dB are considered as noise and
are therefore suppre sed. Similarly, answers in the top 10 dB
are displayed as overload, having encroached too closely
upon the crest factor.

Computed band levels that exceed the upper limit of the
di play range are identified in the output by adding 800 dB to
the erroneous digital signal with a resultant amplitude jitter in
the corre ponding analog level.

Accuracy

The digital approach used in the GR 1921 circumvents the
accuracy limitations of analog methods. The computations
can be performed to any desired re olution and, of course, all
signals are processed with the same computer, so channel­
to-channel uniformity is not a consideration.

True Integration Characteristics
The sample taken from each filter channel are squared

and averaged to determine the band levels. When the "start"
button is pu hed, the detector sample the filter channels

until the pre-selected integration time has elapsed. Samples
are taken only during this period, and all samples are weight­
ed equally in the result. The integration is thus linear, and the
time period during which the measurement was made is ac­
curately known. It is easy to vary the average rate at which
samples are taken to produce any desired integration period.
The GR 1921 has a choice of nine integration periods, ranging
from 1/8 to 32 seconds.

By comparison, analog systems have several disadvantages.
Long-time analog integrators in the quantity needed for a
detector are expensive to the point of being impractical. To
change integration time requires that a component in each
detector channel be switched. This, too is expensive, and
electronically cumbersome. In an analog design, one must
settle for a narrow choice of integration otaveraging period.
Also, the only practical averaging method is simple RC
smoothing. When presented with a signal, the output from
this type of averaging circuit tends toward a finite saturation
level. Events that occur early in the time signal are "forgot­
ten" or leak off, and it is impossible to know exactly to what
degree each event in the time signal has affected the answer.
Several time constants are needed to bring this detector to
saturation, the level for which it is calibrated, and this means
that a longer time signal is needed for a given degree of statis­
tical accuracy when the signal is random.

SYSTEMS AND SOFTWARE

The GR 1921 can produce data in prodigious quantities in
a short time, posing the problem of data reduction. More
important, it u ually happens that the concern of the engi­
neer i with a single number or possibly a suggested course of
action, and not with the raw spectral information that is the
product of the analysis process.

A small digital computer used in conjunction with the GR
1921 can perform any or all four basic functions:

• Analyzer Control - the computer can be programmed to
select automatically all functions that are normally con­
trolled manually by front-panel controls.

• Rapid Data Storage - the computer can ingest the results of
a measurement in about one millisecond, thus freeing the
analyzer to make another measurement. The stored resul ts
of the series of mea urements are then typed out from the
computer.

6 GENERAL RADIO Experimenter



CLEAR

101 WRK8
LOW BAND I I I"
HIGH BAND II ..3
INTEG TIME <SEC)I ..

I MEASUREMENTS I 6
TIME BETWEEN MEAS <SEC)I 2
OUTPUTI OCT. OCT MAX. TOCT MAX. SONES. PHONS. SONES MAX. SIL

START

WRl<8

OCT All OS
"',EAS 15 16 21 24 27 30 33 36 39 ..2

I 66.9 10001 107.5 108.0 106.8 107.8 108.4 103.9 70.3 65.8
2 64.4 99.4 103.9 107 ... 105.9 104.4 102.5 96.5 62.8 65.5
3 62.0 8701 65.0 66.3 58.8 5501 54·9 54.9 57.4 65.4
4 61.6 96.5 94.5 6901 62.4 5501 54.9 54.9 57.8 65.5
5 64.9 102.4 107.9 106.8 96.6 65.6 54.9 54.9 57.8 65.4
6 96·3 108.4 106.4 105.3 10501 103·4 93.0 62.6 58·0 65.9

"'AX 96.3 108·4 107.9 108.0 106.8 107.8 108.4 103.9 70·3 65.9

TOCT
BAN S

IVA X
14 72.'" 69 ,,~ 95.2 98·0 102.7 106.2 104.5 103.2 103.0 103.5
24 1'13·2 10:>.5 100·5 102.7 102.2 102.0 103.2 103.2 102.2 105.7
34 101.5 91·0 101·0 100.2 69.? 62.2 56.5 57.5 60·7 63.2

SONES fVF:AS
I 2 3 4 5 6 MAX

OVRLD OVRLD 24.9 44.6 116.7 191.5 OVRLD

PHONS MEAS

I 2 3 4 5 6
124.2 119.6 86.4 94·8 108·8 115.9

Figure 5. Data print-out.

S I L !'>EAS
I 2 3 4 5 6

107.6 104.2 56.2 57.4 72.3 100.4

• Comparison - the computer can compare the results of a
measurement with a stored reference spectrum and make a
decision depending upon their relation. For example, a
noisy device can be rejected when its spectrum exceed a
preset limit. The computer also can be programmed to tell
what limits have been exceeded, by what amount, and
probable cause.

• Data reduction - the computer can be used to reduce the
spectral information from the analyzer to obtain various
acoustical ratings. For example, program can be supplied
to find loudness level, speech-interference level (SIL), and
perceived-noise level (PNL).

Figures 3 and 4 show an analyzer/computer system and its
corresponding block diagram. Data are fed to the analyzer
from the GR 1525-A Data Recorder. The analog output from
the analyzer drives the GR 1921-P1 Storage Display Unit,
which display each spectrum as it is transferred to the com­
puter. The computer accept digital data from the analyzer,
and another link transmits control signals between the ana­
lyzer and computer. All communication between the system
and the operator is via teletype. •

Thi system and the operator work together in a "conver­
sational" mode. he computer presents a series of questions
and the operator replies; the questions concern desired fre-
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quency range, integration time, time between mea urements,
and quantity of measurements. After the operator has sup­
plied thi et-up information, the computer asks which of a
series of standard data-reduction operations it should per­
form. Thi information is supplied by the operator and then,
at the touch of a key, th y tem performs the required meas­
urements and types out answers in a standard format. The
system is capable of making a rapid series of I /3-octave meas­
urements with selectable time delay between measurements.
It computes octave band levels from I/3-octave levels, and it
determines the maxima from corre ponding band levels in the
eries of spectra using either octave or I /3-octave data. It can

also define maximum-loudness and maxirnum-speech-inter­
ference levels.

An example of the typed-information output from the
system is shown in igure 5. The underlined data are in­
structions supplied by the operator; all other data are com­
puter-controlled output.

Ba ic software packages are available to compute octave­
band levels, SI L, P L, Stevens loudness level, and, if desired,
the maximum of these in a sequence of different measure­
ment intervals. Software packages to control the analyzer
have been developed for use in custom systems. Other pro­
grams can be made available for custom analyzer/computer
systems.
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APPLICATIONS

The one-third-octaveanalyzer is the heart of most acoustic
noise-analyzer systems. This relatively broad, constant­
fractional-bandwidth method of analysis is, for a variety of
reasons, well suited to airborne noise analysis and control
work.

On-line operation is made practical by the high speed and
accuracy of the GR 1921. As mentioned in the introduction,
measurements of aircraft fly-by and automobile pa -by are
so rapidly assimilated that corrective measures can be ac­
complished during the test period. This approach, which is
not po sible using a tape-loop serial system, can greatly re­
duce the co t of testing.

Time-varying signals are handled by the analyzer so fast as
to permit liberal application of spectrum analysis. It i pos­
sible to produce three-dimensional plots, with suitable dis­
play devices, to present spectrum versus time. Or, a computer
system might be programmed to present long-time average
spectra in the section of a time-varying ignal, where the
changes are not significant, while retaining the fine detail in
other areas.

Volume-data-reduction work is economically accom­
plished through intelligent use of an analyzer/computer
system. This is especially true when compared to the conven­
tional method of employing a swept analyzer and recorder
and reducing data by means of tables and a desk calculator. A
comparison table, showing relative times to measure a spec­
trum and then to compute the corresponding Stevens loud­
ness level, is shown below.

Read chart levels and
look up loudness indices 300 s
Calculate loudness level 180 s

Cbnventional Means

Time for analysis

Total

20 s

500 s

1921/PDP-8L System

Time for analysis and
computation of loud·
ness level 0.5 s

Total 0.5 s

he aving in time is clearly evident; one year's work by
conventional methods is now accomplished in a few hours!
Even when a general-purpose computer is used to find loud­
ness level from spectral information, considerable time is
required to prepare data for insertion in the computer. In
addition, waiting for availability of a general-purpose com­
puter greatly reduces the attractiveness of this approach.

Production-line product testing has seldom employed
spectrum analysis becau e of the long time required to obtain
accurate measurements. The real-time analyzer e1iminates
this objection and potentially makes it a powerful produc­
tion-line tool for fault diagnosis. The use of a small computer
in a production-line system can increase effectiveness even
further. The computer could be programmed to compare
measured spectra with reference spectra, sugge ting possible
fault and repair to be made to the rejected product.

Transmission-loss measurements, in which dynamic range
and signal-to-noi e-ratio may be critical, are simplified
through use of the calibrated adjustable channel attenuators
on the GR 1925 Multifilter. A block diagram of a system for
transmission-loss testing is shown in Figure 6. The R 1382
Random- oi e Generator and the multifilter provide a
source-side spectrum, shaped to provide a uniform signal-to­
noise ratio versus frequency on the receiving side. The multi­
filter on the receiving side is set to have a transmission pattern
that is approximately the i.nverse of the transmission pattern
on the sending- ide multifilter, taking into account frequen­
cy-re ponse errors of the transducers. This results in a direct­
output plot of transmission on the recorder, while minimiz­
ing the ource-power requirement and maximizing tolerance
to interfering signals on the receiving side.

Radiated power measurements can be made by dividing
the same integration period among a specific number of
microphones. A witch closure to ground, at the appropriate
control line on the GR 1926 Detector, divides the selected
integration period into 2, 4,8 or 16 segments, corresponding
to the number of microphones. Alternatively, the position of
a moving microphone can be synchronized with the measure­
ment interval in order to obtain a space integration.

Figure 6. Block diagram of
transmission-loss measurements.
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AFFINITY FOR ACCESSORIES

The GR 1921 analyzer has great flexibility in operation
with accessory equipment.

It can be expanded to 45 channels by use of the 45-chan­
nel version of the GR 1926 detector and two GR 1925 multi­
filter units.

It supplies power to and interfaces with the GR 1560-P40
Preamplifier, suitable for high-impedance transducer inputs.

It operates with the GR 1525 Data Recorder and similar
tape recorder units that have good dynamic and frequency
ranges and stable characteristics. Of particular interest is use
of the maximum-level dB control on the analyzer to restore
the calibration factor lost in the recording process. This con­
trol is used to make the analyzer read out in decibels, with the
reference level the level of the original signal.

It is compatible with the new GR 1522 DC Recorder*
(bottom unit, Figure 7a), an analog recorder much faster than
conventional X-Y plotters. The new recorder operates
synchronously with the GR 1921. A short dwell period as
each band level is selected allows the recorder pen to settle,
producing a neat bar graph with standard scale factor. The
analyzer/recorder combination and a sample chart record are
shown in Figure 7.

It can supply output data at rates up to 360 band levels per
second. The MDS Series 800 Hi-Speed Digital Printer is avail­
able on special order from General Radio. The printer should
be used when most accurate numerical data are required.
Note that the GR 1921 is capable of driving a printer and
analog recorder simultaneously.

·Refer to page 16.

Figure 7a. Visual/record assembly including. from top to bottom,
GR 1921·P1 Storage Display, GR 1926 Multichannel RMS
Detector, GR 1925 Multifilter, and GR 1522 DC Recorder.

Figure 7b. Typical GR
1522 graphic recording.
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Figure 8. Block diagram
of digital detector.

The Houston Instrument Series 6400 (with 024 option)
Omnigraphic Recorders are available on special order from
General Radio when an X-V recording format is desired.
The e recorders use fan-fold charts that load automatically,
thereby taking advantage of the speed of the 1921 units.
Conventional X-Y recorders are not recommended because of
slow loading time.

The GR 1791 Card Punch Coupler i available to couple
the GR 1921 units to an IBM 526 Printing Summary Punch,
permitting transfer of band numbers and levels to standard
IBM cards.

The GR 192I-PI Storage Display Unit (top unit, Figure
7a) will provide a rapid vi ual display of spectra from the
analyzer. It is a slightly modified version of the Tektronix
Type 601 Storage Display Unit. Three CRT display modes
can be selected by the GR 1921 - NON-STORE, STORE­
ERASE, and STORE-NO ERASE. When any of the three
scope modes is selected at the GR 1921, data are fed out at a
rate of one band per millisecond. When X-V PLOT or DATA
PRINTER output modes are selected, the scope remain in
operation but is fed data at the rate set by the DISPLAY
RATE control. In this manner, the unit continues to monitor
output when recording devices are used.

A CLOSER LOOK AT THE DETECTOR

A unique design deserves some elaboration in order to
stress its qualities and advantages. This section expands
upon our previous presentation of design details and refers to
Figure 8.

The Multiplexer is an electronic switch with up to 45 in­
puts and one output. The input channels are switched on in
sequence by command from the sy tem control, using addre ­
ses coded in an 8 X 6 matrix. Three extra input channels are
available; one is left unused, the other two are reserved for
calibration purposes. Calibration of zero level is achieved by
addressing a channel with grounded input; the second cal­
ibrate channel is supplied with a precision dc voltage to pro­
duce a full-scale signal level of 60 dB for this channel.

The Sample-Hold Circuit takes two ample of it input
simultaneously. One microsecond after the samples are
taken, a decision is made to select the one ample that is
within the linear operating range. This deci ion, de ignated
"coarse-range," is also u ed by the AID converter and the
squarer. Polarity inversion is switched in, if needed, 0 that a
positive voltage is always deliverM to subsequent circuits.

The AID Converter uses floating-point binary arithmetic
to achieve a constant-percentage accuracy. After the coarse­
range decision (as noted above), fine ranging i performed to

10

TO ALL
OTHER BLOCKS

Figure 9. Block diagram of computational mode.

locate the signal in a 2: 1 amplitude group. ext a 3-bit group
of digit completes the proce , for a total effective conver­
sion range of 15 bits.

The Squarer accepts binary inputs from the sample-hold
circuit and the AID converter to generate the squared value of
each input sample. Its output i in a floating-point format
that i consistent with the arithmetic of the computer.

The computational mode is dominated by the ADDER
AND MEMOR Y block of Figure 8, shown in more detail in

igure 9. This represents a very simple, but true, digital com­
puter. The squared numbers are delivered to the accumulator
in two parts: a mantissa and an exponent. Simultaneously,
the number in memory is taken into the memory buffer as a
mantis a and an exponent; the two exponents are then com­
pared. Since only the accumulator has provision for shifting
digit, the number with the smaller exponent must be in the
accumulator. If a swap is necessary to get the number with
the smaller exponent into the accumulator, a logic circuit
orders the swap made. Next the exponents are made equal.
The accumulator bits are shifted to the right by one place and
the accumulator exponent is increased in value by one digit.

Once the exponents in the accumulator and memory buf­
fer are equal, the digits in corresponding stages of the mantis­
sas have the same weight and may then be added.

The output of the adder is returned to the accumulator for
one last check. If the result of the addition involve a "carry",

GENERAL RADIO Experimenter
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Figure 10. Block diagram of output mode.

so that the accumulator contains 16 rather than 15 bits, then
the mantissa must be cut back to size. This is done simply by
shifting the mantissa one place to the right and increasing the
exponent again by one digit. Therefore, if there is a carry to
16 places, one more shift and add will be needed. If there is no
carry, the accumulator is finished with its work on this partic­
ular squared-input number.

The contents of the accumulator and accumulator ex­
ponent are put back into the memory unit. Another squared
number i presented to the accumulator, and the whole proc­
ess repeats.

The output mode begins when all data gathering is com­
pleted. Figure 10 shows the sequence of data flow. In the first
step, the stored sum-of-the-squares is drawn out of the mem­
ory into the memory buffer. This number is fed to a block
marked OUTPUT CORRECTION. If the time of integration
was less than I second, the sum of squares is a smaller number
than if the time had been I second or longer (as the time is
reduced below 1 second, fewer samples are taken). The OUT­
PUTCORRECTION block multiplies the sum of the squares
by 2, 4, or 8 if the integration time is 1/2, 1/4, or 1/8 second,
respectively. The numbers derived from the mantissa in the
sum of squares give a contribution of between 0 and 3 dB to
the final answer. This contribution is determined in the 0 TO
3 dB block of Figure 10. The numbers derived from the ex­
ponent in the sum of the squares must be multiplied by 3.01.

The circuits in the MEMORY-BUFFER and the MEM­
ORY-BUFFER EXPONENT blocks are clocked JK flip-flops.
They can accept new data into storage as the previously held
data are read out. The next step in the output sequence takes
advantage of this fact; the sum of the squares, in binary for­
mat, is returned to the memory for future use at the same
moment that the result of the 0 TO 3 dB determination is fed
into the memory buffer. Simultaneously, the product of EXP
X 3.01 is deposited in the accumulator. The accumulator and
memory buffer are then connected to the adder, which gives

MAY/JUNE 1969

the sum of the 0 TO 3 dB and the EXPX 3.01 contributions.
The adder output is the binary representation, in decibels, of
the sum of the quares that was just taken from, and returned
to, memory.* The adder output is then transferred to the
accumulator, which now contains the decibels in binary
form. This result is converted to a binary-coded decimal
(B D) in 1-2-4-8 format. If the front-panel MAXJMUM
BA D LEVEL dB control calls for the range of answers to be
other than 0 to 60 dB (e.g., 20 to 80 dB), an appropriate
constant scaling factor in decibel is added at this time.

The final output consists of
(l) BCD representation of the decibels calculated

from the sum of the squares plus the calibration factor, if any,
added by the MAXIMUM BAND LEVEL dB control, and

(2) An analog voltage proportional to the number of
decibels, not including the calibration factor.

If the exponent in the sum of the squares is too large, the
instrument concludes that an overload condition existed in
the input signal. It then causes the answer to be reported as
800-some or 900-some dB's. Answers up to 62.75 dB (not
counting any additional decibels added by the MAXJMUM
BAND LEVEL dB control) are reported correctly.
*Note that the square root is never taken explicitly; the conversion is
directly from the sum of the squares to decibels.
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Some Notes on Digital Detection
A digital detector computes rms voltage, starting with the

sample variance formula
ability). With periodic inputs, however, we shall see that the
sample rate is also a critical parameter. Consider the case
where the input V(t) is a sinusoid of unit variance, unknown
frequency I, and phase 1/>.

n
cr =.!.. L V;2n I

i.= I
(I)

V(t) = ..;2cos (21T It + ¢) (3)

Figure 11. Confidence limits of measurements (in general).

With n samples of the input and a uniform sample spacing of 8
seconds, the variance estimate is

Error in the variance estimate are primarily due to the num­
ber of samples n and the sample spacing 8. Phase angle ¢ can
be regarded as a random variable that is uniformly likely to be
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where n is the number of samples included in a measurement
and Vi are the input voltages that occur at discrete instants of
time. To obtain an output in decibels, it is necessary to find

dB = 10 10giO (a:J (2)

where 00 is the desired reference level.
The input signal to be measured is a continuous function

of time. It is sampled only at discrete instants of time when it
is accepted for digital processing. Two questions naturally
arise. How many samples are needed for a mea urement, and
when should they be taken? To answer these questions, we
must examine both random and periodic input signals.

Random Inputs
First, consider the case of a stationary random input signal

with a zero mean voltage and a Gaussian amplitude di tribu­
tion.

Curves of measurement repeatability versus independent
signal samples are shown in Figure I I. These curves are used
in pairs and represent the upper and lower limits of expected
measurement variations. They are commonly known as con­
fidence limit curves, where the confidence in percent speci­
fies the probability that a measurement lies within the area
bounded by the curves. The most efficient sampling scheme
for purely random inputs is uniform sampling, with a sample
spacing equal to the correlation time of the input. Samples
must be statistically independmt to be effective for measure­
ment purposes and, hence, must not be taken at intervals
closer than the correlation time.

For example, a white noise limited to the frequency range

of 0 to BW hertz has a correlation time of 2~W second This

corresponds to the Nyquist rate, which is the required sam­
pling rate for signal recon truction. A lower sampling rate is
perfectly acceptable for variance measurement.

Now consider the measurement of Gaussian noise with the
GR 1921 analyzer. The GR 1925 fl1terbands have a constant
fractional bandwidth and hence the correlation time will vary
with the center frequency. For a I-second integration time,
1024 independent samples will not be available from all
bands. The number of independent samples available from a
particular band will vary depending on the integration period
selected. These factors were included, along with the results
of Figure 11, to generate the composite confidence limits for
Ij3-octave-filter center frequency and are shown in Figure
12.

Periodic Inputs

For stationary random inputs, we simply require enough
measurement samples to obtain statistical stability (repeat-

Figure 12. Composite 99% confidence limits of
measurements (1/3 octave).
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Figure 14. Range of repeatability of measurements.

FigurB 13. Measurement errors expected for fixed sampling rate.

(5)€2 = ~ (sin2rrnf)2
2 \:sin2rrf

between 0 and 360 degrees. Averaging the effects of c/J in
equation (4) and subtracting the true variance, we have the
mean- quared error result:

quation (5) is plotted in Figure 13 for the case of n = 10, to
show the effects of input frequency frelative to sample spac­
ing {). The largest errors occur in the frequency ranges A and
B. The remaining error lobes are relatively small in magni­
tude.

The large error lobes repeat at input frequencies that are
multiples of one-half the sample rate. Because the e frequen­
cies lie within the input-frequency range of the GR 1926
detector, uniform sampling is unsa tisfactory.

Modulating the sampling rate will cause the frequencies to
shift. A hift of the sampling frequency during a measure­
ment interval will shift the frequencies at which peak errors
occur, thus distributing the error. This principle is incorpo­
rated in the 1926 detector design. The sample rate is swept
during each measurement period, over a 2: 1 frequency range.
With 1024 samples for measurement, the worst-case error is
reduced to about 0.2 dB.

The measurement repeatability for various values of n,
assuming a modulated sampling rate, can be approximated
by integrating curves like that of Figure 13. The results are
plotted in Figure 14, which shows the dependence of repeat­
ability upon n, the number of sample por measur'ment.
These curves represent the 1a limits of the range of melsure­
ment repeatability.

So far we have considered only the special case of a sinu­
soidal input signal. Other periodic signals should also be con­
sidered. A gated sinusoid (tone burst), for example, is meas­
ured withles than 1024 samples. Thesamplenumberreduc­
tion is in proportion to the duty factor. The mea urement
repeatability is determined by the number of effective
samples and is specified by the curve of Figure 14.
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Figure 15. Measurements comparison at 25 Hz - Tunable
1/3-octave filter versus GR 1921.

A Difficult Spectrum

Consider the output of a 1/3-octave filter set with a
square-wave input. At low frequencies there is only one har­
monic in the the output of each 1/3-octave filter. At high
frequencies, however, the fIlters' outputs are periodic sequen­
ces consisting of the step-function responses of the filters.
The results of analyzing a 25-Hz square wave with a tunable
1/3-octave filter and analog detector are compared with the
results of measuring this same signal with a GR 1921 Real­
Time Analyzer in Figure 15. A dashed line with a slope of 10
dBldecade shows the theoretical spectrum shape.

At low frequencies there is slight di agreement becau e of
a difference in filter shapes. At a frequency of 10kHz, a
measurement error of about 13 dB is made by the analog
detector because of the high crest factor of the filter output
signal, while the expected measurement repeatability from
the GR 1921 (and indeed the measured variation) is Ie s than
1 dB.

-J. A. Lapointe
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Rayleigh-Distributed Noise
A Method for Reproducing a Singular Type of Interfering Background Noise

Thi i the Rayleigh distribution function. The procedure for
generating r from x and y i preci ely that shown in Figure 3.

The e analog operations are indicated in Figure 3. Proof that
this procedure yield the Rayleigh distribution is given below.
The argument is similar to that ti ed in olving the famous
problem of the random walk in two dimen ion (References
I, 2). he joint probability distribution function of two
Gaussian random variable x and y, having rm value of
I (thatis,a=I),i I x 2 + 2

p(x y) dx dy=- e 2 dx dy., 21T

on ider the di tribution of the variable r where
r 2 =x2 +y2. ln term ofr, ,2

I -
per) r dr dB = p(x, y) dx dy = - e 2 r dr dB

21T
(where the element of integration dx dy ha been replaced by
its counterpart in polar coordinates, r dr dB). Integrating over
all angle,

per) dr = ~ e ~2 r dJ.21T dB
21T

o

oi e that appear at the output of envelope detectors
such as those in some radio or radar y tern typically has the
Rayleigh amplitude distribution rather than the Gau sian.
The Gaussian density distribution function ( igure I) i the
familiar ymmetrical bell-shaped curve; the Rayleigh distribu­
tion function (Figure 2) is quite nonsymmetrical, being zero
for negative values of noise voltage. In experim nt on signal
detection or intelligibility, it may be important to reproduce
accurately the type of interfering background noi e. Because
the Raylcigh di tribution function i very small where the
noi c voltage i near zero, it cannot be approximated accu­
rately by full-wave rectification of Gaussian noise.

One of the most common examples of a voltage having
Rayleigh distribution is that seen at the output of a detcctor
whose input is narrow-band random noi c. Generating
Rayleigh noise in this manner involves amplification, filter­
ing, detecting, and moothing. hi ne e sarily results in con­
siderable reduction of the bandwidth of the Rayleigh noise
compared to that of the original aus ian noi c.

There is a procedure for tarting with Gaussian noise and
generating Rayleigh noi e which does not require filtering
and smoothing and the attendant bandwidth reduction. tart
with two statistically-independent au ian random noi es,
square each and add, and take the square root of the urn.

,2

= re 2 dr, r> O. (I)

Figure 1. The Gaussian
probability density

distribution function.

Figure 2. The Rayleigh
probability density

distribution function.

Figure 3. System for producing noise having a true
Rayleigh distribution.

Figure 4. Simpler system for producing noise having
approximately the Rayleigh distribution.
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Figure 6. System for prOducing pseudo-Rayleigh noise.
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t Faran, 1. J., "Random- oise Generators," General Radio Experi­
menter, January 1968.
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Figure 5. This difference does result in a detectable change
in the number of peaks above a given level.

A schematic diagram of how pseudo-Rayleigh noise can be
produced from two GR 1382 Random- oise Generators 1 is
shown in Figure 6. High-conductance germanium diodes,
uch as I 455 or I 695, should be used for low forward

voltage drop. A de amplifier will be needed if it is necessary to
reduce the output impedance level or to provide more power.

The effect on the pectrum of this method is shown in
Figure 7. This is a comparison of the measured input and
output spectra of the y tern shown in Figure 6. In Figure 7,
the spectra are normalized to the same level at low frequen­
cies. This method of approximating Rayleigh noise simply
spreads the spectrum a little towards higher frequencies.
Similar preading probably will occur with the true Rayleigh
sy tern shown in Figure 3.

Thi ea ily assembled system for generating pseudo­
Rayleigh noi e include only noise generators, diode, and
resistors. It produces noi e having a close approximation to
the Rayleigh amplitude distribution.

-J. J. Faran

A brief biography of Dr. Faran appeared in the March/April, 1969
issue of the Experimenter.

There is a much simpler procedure for generating a close
approximation to the Rayleigh distribution. Shown in Figure
4, it avoids the use of the quaring circuits (squarer) and the
square-root circuit (rooter).

To determine the actual amplitude density distribution
function of the output of thi system (pseudo-Rayleigh
noise), we start with the Gaussian di tribution function for
each noi e source, 2

1 - ~
p(x) dx = -- e 2 dx.j2ir ,

where again, for simplicity, a has been taken equal to 1. After
full-wave rectification (mathematically, taking the absolute
value) the distribution becomes, for each noi e source,

Pt(x)dx = f[e- ~2 dxV1r '
The probability that the sum (x +y) will have a value between

x, ,nd;:::,:x:::'{' P, (xl P, (x, _xl ddx"
where the integration is taken over all possible value of x
which could lead to a sum Xo. (Remember that x > 0 and
(xo - x) > 0.) Substituting for PtX, and dropping dxo,

i,X O x2 (xo - x)2
2 --

PA (xo) = iT 0 e 2 e 2 dx

2 - X~lXO _ (x _ XO)2
=- e 4 e 2 dx.

1T
o

. Xo
ow, lettmg y = x - 2'

PA(x,l" ; ,- ',1 x,' ,-y' dy

"(;. ,-~:) (~t' ,-y'

= iI(~O) HCO) ,
where H' and H are precisely the functions tabulated in Refer­
ence 3. When the values of Xo are multiplied by 0.8 and the
values of PA (xo) are multiplied by 1.25 we find the agree­
ment with the true Rayleigh distribution shown in Figure 5.
The e multiplications simply amount to changing the
amplitude of the pseudo-Rayleigh noise' the area under the
probability curve remains equal to unity. In the figure
PA (xo) is compared with the function per) from quation
I. The pseudo-Rayleigh noise has an amplitude distribution
which is extremely close in form to the true Rayleigh
di tribution.

Examination of quation 2 shows that the behavior of
PA (xo) when Xo is very small is the arne as for the
Rayleigh distribution' however, the approximation behaves

as exp (- x:) instead of Xo exp ~ x;) for large value of

Xo. The latter behavior hardly show on the linear plot for
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excursions beyond preset tolerance, and of time relation­
ships between charts made on several recorders simultane­
ously.

• Reinforced mounting sheets (8~" by II") are available
for GR 1522 charts. Two adhesive trips are provided on
the sheets to facilitate the mounting of recorded charts,
which can then be filed in data notebooks.

• The Y-axis recording action of the GR 1522 is much
faster than that of the X-Y recorder-65 inches/second
a compared with 20 inches/second for the X-V recorder.

• The X-axis of the GR 1522 is expandable manually or
automatically, with local or external programming; it
can range from 10 to 100 inches to permit detailed
physical and temporal waveform inve tigation. The X-V
recorder is limited to 10 to 20 inches.

• Control of the X-axis motion is by digital rather than
analog signal. For this reason it is possible to convert

angle or shaft position to chart position directly, using an
optical or commutator encoder.

• Isolated grounding provisions avoid ground loops between
the GR 1522 and other instruments.

• External sync signals are available to operate several re­
corders synchronou ly.

• The GR 1522 i capable of use with small computers,
provided proper interfacing is supplied.

Some Design Facts

Backbone of the 1522 i a field-proven dependable servo
motor,· Figure 2, consisting of an aluminum-wire coil wound
on a light-weight plastic form. This coil assembly i upported
by four miniature ball bearings gliding in a V-groove formed
in a longitudinal iron bar. The iron bar is part of the magnetic
path produced by a large permanent magnet that maintains a
uniform magnetic field in the gap through which the coil
assembly moves. When a current is applied through the coil, a
force is generated perpendicular to the current path and mag­
netic field. This force move the coil assembly to right or left,
depending on the polarity of the current, imparting a true
linear motion. The ball bearings cause very little backlash and
have very little friction, even though the force is off center.
(Force is applied in the magnetic gap, not in line with the
bearings.) The pen and potentiometer wiper arm are mounted
directly on the motor coil; thi technique eliminates backla h
between pen and wiper arm of the feedback potentiometer.

The operation of the ervo loop (Figure 3) starts with the
introduction of a dc signal through input circuitry designed
for a wide range of voltages and current. The scaled input i
compared, within a high-impedance amplifier, to the feed­
back-potentiometer position voltage. The output of the am-

Figure 2. Servo·motor pen drive. 'US Patent 2,581,133 owned by General Radio ompany.
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excursions beyond preset tolerances, and of time relation­
hips between charts made on several recorders simultane­

ou Iy.
• Reinforced mounting sheets (8~" by II ") are available

for GR 1522 charts. Two adhe ive strips are provided on
the sheets to facilitate the mounting of recorded charts,
which can then be filed in data notebooks.

• The Y-axis recording action of the GR 1522 i much
faster than that of the X-Y recorder-65 inches/second
as compared with 20 inches/second for the X-Y recorder.

• The X-axis of the GR 1522 is expandable manually or
automatically, with local or external programming; it
can range from 10 to 100 inches to permit detailed
phy ical and temporal waveform investigation. The X-Y
recorder i limited to 10 to 20 inches.

• Control of the X-axis motion is by digital rather than
analog signal. For thi rea on it i pos ible to convert

angle or shaft position to chart position directly, using an
optical or commutator encoder.

• Isolated grounding provision avoid ground loop between
the GR 1522 and other instruments.

• External sync signals are available to operate several re­
corders synchronously.

• The GR 1522 is capable of use with small computers,
provided proper interfacing is supplied.

Some Design Facts

Backbone of the 1522 is a field-proven dependable servo
motor,* Figure 2, consisting of an aluminum-wire coil wound
on a light-weight plastic form. hi coil a sembly is supported
by four miniature ball bearing gliding in a V-groove formed
in a longitudinal iron bar. The iron bar is part of the magnetic
path produced by a large permanent magnet that maintains a
uniform magnetic field in the gap through which the coil
a sembly moves. When a current i applied through the coil, a
force is generated perpendicular to the current path and mag­
netic field. This force move the coil assembly to right or left,
depending on the polarity of the current, imparting a true
linear motion. The ball bearings cause very little backla hand
have very little fri tion, even though the force i off center.
(Force i applied in the magnetic gap, not in line with the
bearing .) The pen and potentiometer wiper arm are mounted
directly on the motor coil; this technique eliminates backlash
between pen and wiper arm of the feedback potentiometer.

The operation of the servo loop (Figure 3) starts with the
introduction of a de signal through input circuitry designed
for a wide range of voltage and currents. The scaled input is
compared, within a high-impedance amplifier, to the feed­
back-potentiometer position voltage. The output of the am-

Figure 2. Servo-motor pen drive. 'US Patent 2,581,133 owned by General Radio Company.
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Figure 3. Block diagram of servo system.

plifier is the position-error voltage and is zero for the null
position. If the input dc signal increases, a po ition-error volt­
age will be generated, which is fed through a limiter, to be
compared with the velocity-feedback voltage. This difference
is amplified to become the drive voltage for the pen motor
assembly. The pen and wiper arm will move until the posi­
tion-feedback voltage equals the input voltage, and the posi­
tion-error voltage again is zero.

The velocity-feedback-voltage signal permits high feed­
back-loop gain at the null point (no velocity feedback), re­
sulting in high static accuracy; dead-band error is less than
0.15%. The loop gain is effectively lowered during dynamic
operations, keeping the position-feedback loop stable at high
speeds.

Velocity feedback is derived from an unusual bridge tech­
nique (see Figure 4). ote that the output-drive amplifier
serves both the linear servo motor and another fixed coil
wound on a similar iron core. These two coils, together with
two resistors, form a bridge network that can be balanced for
ac as well as dc signals. When drive current is fed into this
bridge network and the pen is stationary, the bridge is
balanced; the output from the bridge and differential am­
plifier is zero. If the servo motor moves, the servo-motor coil
develops a voltage proportional to the velocity; the fIxed coil
does not. Thus, there is a voltage output from the differential
am plifier proportional to veloci ty.

Increasing the velocity feedback can simulate the action of
a low-pass filter. The open-loop frequency response of thi
type of servo system is shown in Figure 5. As the velocity

Figure 4. S.hematic of
velocity·feedback derivation.
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feedback is increased beyond the amount required for stabili­
zation, the loop gain is decreased. The frequency at which the
open-loop and clo ed-loop responses pass through 0 dB also is
decreased. Thus the servo bandwidth i compressed by an
amount proportional to any extra increase in velocity feed­
back. This action filters the effects of noise and undesired
fluctuations in recording.

The position-feedback potentiometer is situated directly
above the motor-drive coil. It i made of conductive plastic
which a sures low maintenance and extremely long life, great­
er than 20 million cycles, with negligible increase in noi e or
wear.

Full control of the chart drive, without mechanical
clutche , is assured by use of three motors. Two induction
motor, operating in a stalled condition, provide a constant
holdback for chart supply and take-up and are instantly re-
pon ive to forward-or-reverse-direction instructions. The

third motor, the stepper type referred to earlier, drives the
sprockets that engage perforation in the chart, imparting a
dependable motion to th.e chart at all time. Without the use
of gears in the drive train, the recorder has eighteen chart
speeds, from 0.5 s/in. to 20 h/in.

Operation of the stepper motor i controlled by a multi­
vibrator, phase-locked to the ac power frequency, either SO
or 60 Hz. Its regulation and stability are similar to those of a
synchronous motor. The maximum rate at which the motor
will respond, without 10 ing a step for instant start-stop
operation, is 300 pul e per second. This rate corre pond to
2 inches/second (0.5 s/in.) chart speed. The actual rate of

V(lOCITY­
F"EE08AC1C
SIGNAL

l
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24-HOUR RECORDING OF TRAFFIC NOISE
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Figure 6. Typical long-time recording/analysis assembly.

MOISE

external potentiometer or voltage. The limit tops can be
programmed externally, if a control voltage is u ed.

Another programming feature i pen blanking; when the
servo ystem is turned off, pen motion freezes. The pen can
be stopped anywhere on the chart during a scan operation, or
during any operation that normally would force the pen off­
scale during switching.

System Compatability

There are many po sibilities for assimilating the GR 1522
into measurement and control systems. You are already
aware of the functions performed by the GR 1921 Real-Time
Analyzer (page 3) and of the value attached to permanent
records of noi e and vibration ignals. The G R 1522, designed
as a systems recorder, is a perfect complement to the GR
1921. A detailed description of the close working relation­
ship between the recorder and analyzer may trigger readers'
thoughts of other useful applications.

The 1926 detector store the level of all the ignal-input
channels. It then feeds this information to the recorder at'a
rate that is controlled by the recorder's ability to accept and
digest the data. Chart movement is continuous until the
photocell control stops the recorder and change channels in
the detector. A fixed time delay of 0.1 second in the detector
allow the pen to reach the signal level of the new channel
before the detector sends a control ignal to the recorder to
start the chart. The pen then records the level of thi channel
at the fastest paper peed. The resultant plot has square cor­
ners, closely resembling the actual scope di play. The tart­
stop-mark sequence repeats until the la t channel selected by
the analyzer is recorded. The pen automatically lifts, and the
next chart moves rapidly into position. At this time, chart
motion stop and the recorder doe not function until com­
manded by the analyzer. It takes approximately 8 seconds to
complete one chart and to advance to the next chart.

Table I shows the time required to make such a recording
on three types of recorders: GR 1522, automatic X-Y record­
er, and typical X-Y recorder.

0 .....
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~ OPEN-LOOP RESPONSE
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Figure 5. Servo-loop response.
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rotation is locally or remotely controlled through integrated­
circuit divider chains.

The output from the divider goes through a gating circuit
to the stepper-motor driver circuit. This gate is controlled by
a flip-flop for instant start-stop operation. The input to the
flip-flop is capacitively coupled to both the front-panel
switch and to the external programming input. Either input
can be overridden by the other; the last signal determines the
logic state. Logic memory is important for chart control; only
a momentary pu! e is necessary to set the state. Thus, when
the photocell is used to change chart direction, the memory
keeps the direction fixed after the mark is no longer under the
photocell.

A forward-reverse flip-flop controls the direction of the
stepper motor. Motor direction can be controlled locally or
remotely

Output-control information, for use in system or auto­
matic applications, is available from the recorder. As they
pass over a photocell, the black timing marks on the chart
(Figure I) trigger output controls. Two photocells control as
many as three output drives. When two in-line black marks
pa the photocells at the same time, the paper motion is
stopped. This method is used to signal the end of the chart
roll; the ending of the roll is also verified by a printed note on
the paper.

A switch is provided that lifts the pen and moves the chart
at the fastest paper speed for can operations; pen lift also
occurs during scanning of the chart. In the AUTO position of
the pen lift, the pen is dropped to the paper only in the
RE 0 RD mode and while the chart is moving.

Maximum and minimum limit switches are adjustable to
any point along the chart. They provide electronic control for
external operations such as sorting, inspecting, or sounding
an alarm.

Situated next to the feedback potentiometer is a linear
take-off potentiometer that can provide an external voltage
proportional to the position of the pen. This voltage, and
com m ercially available multiple integrated-eircuit com­
parators, can establish limit-set position controllable by an
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Table 1

Recording New Chart Total
Time Advance Time Time

Recorder Type (seconds) (seconds) (seconds)
GR 1522 6 1-2 7-8

Automatic X-Y 15 16

Typical X-Y 15 45 60

It is readily apparent that the 1522 takes one-half the time
for each recorded spectrum, as compared with the automatic
X-Y recorder, and is far uperior to the typical X-Y unit.

Typical Applications

A practical application of the 1921/l 522 combination,
using two recorders (Figure 6), is the real-time spectrum anal­
ysis of band levels above a preset acoustical level. This might
be a 24-hour study of traffic noise, aircraft fly-over noise, or
similar patterns. During this interval we record, on Recorder
No.1, the average level of noi e picked up and processed
through a detector and log-converter circuit. Obviou ly, we
don't want a spectrum every eight seconds because we would

have 10,000 charts of recorded data in a 24-hour period. To
save chart space and to compress accumulated data, the re­
corder is set at a slow chart speed. The 1921 analyzer is
triggered by a GR 1522 limit switch to make a spectrum
analysis of signals above a preset threshold level and also to
identify the occurrence by printing an event mark on the
Recorder o. 1 chart. After the GR 1921 is triggered, Re­
corder o. 2 receives instructions from the 1921 system to
make the spectrum recording that corresponds to the indi­
cated event. Upon completion of the study, a complete re­
cord is available, from Recorder No.1, of the average sound
level, and accumulated spectrum analyses of noise above a
preset limit are presented by Recorder o. 2. All this can be
accomplished without personnel in attendance.

Another system application involves the temperature­
coefficient (Figure 7a) of a practically unlimited number of
components. A scanner and the R 1654 Impedance om­
para tor can measure 100 components consecutively, feed the
information to the GR 1522, and plot the percent deviation
from a standard at room temperature. A second plot can be

•
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Figure 7a. Block diagram for multi-component
temperature-coefficient measurements.
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Figure 7b. Component test results. Chart
motion is controlled by external divider circuit.
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made using a second-color pen for a different temperature
(Figure 7b). A measuring sequence is started by a switch on
the scanner control. Upon switching to a component, the
comparator waits for balance and then gives a measurement­
complete command. This time delay allows the pen to move
to the next component-recording position. The measure­
ment-complete signal from the GR 1654 starts the record­
er and paper motion. his particular chart paper has no con­
trol marks; the chart motion is controlled by external means.
An external flip-flop divider divides, by 30, a sync signal used
to drive the stepper motor. After 30 pulses, the chart has been
moved a recording interval of 0.2 inch. At this instant, mo­
tion stops and the pen lifts. he same measurement-complete
command is fed back into the scanner control, and the entire
record cycle is repeated after the short delay period to
achieve balance.

Remote programming for proce control facilitates un­
attended recorder operation. A signal level, beyond preset
limits, from a control transducer, triggers accelerated chart
motion for greater detail, operates the scanner control to
permit observation of other significant transducers, and then
stops the process.

In another typical application, we can monitor a zener­
diode voltage output. Here, both long-term drift and short­
term noise are important. Photocell-control marks every II
inches are used to trigger a flip-flop circuit that permits a
long-term performance recording for 110 minutes (10
min/in.). This recording is followed by an accelerated record­
ing of noise for 55 seconds (5 s/in.). Each recording is alter-

M. W. Basch received his degrees at MIT
(BSEE and MSEE-1958) and joined GR in
1958 as a development engineer in the In­
dustrial Instruments Group and later trans·
ferred to the Acoustics/Signal Analysis
Group. He has specialized in design of
recorders and associated instrumentation.
His memberships include IEEE, Tau Beta Pi,
and Eta Kappa Nu.

nately and automatically presented in a continuous sequence
of I I-inch charts.

To encourage specific application of the recorder to the
GR 1921 analyzer, four different charts to cover various
channel combinations and bandwidth used in the GR 1921
will soon be available from stock. Recorder channel widths of
0.208, 0.250, and 0.500 inch are available, dependent upon
spacing of the photocell control marks on the chart edge. An
unlimited variety of charts using various placement of the
mark can be supplied on special order to customers.
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The Honorable Society
Long-time readers of the Experi­

menter will note with interest honors
accorded two of their friends.

On May I, 1969 Paul K. McElroy
was awarded the annual Contribution
Award of the IEEE Parts, Materials, and
Packaging Group, at ceremonies con­
ducted during the Electronics Com­
ponents Conference of the Electronic
Industrie Association. "PK", now re­
tired from GR, but hardly less active
professionally than while he was with
us, came to the attention of our readers
for the first time in 1926. It was then he
published a two-part article entitled
"Design and Testing of Plate Supply
Devices." He prepared a steady stream
of written articles for almost forty
years, terminating his output with "A
IOO-IlF Decade Capacitor" in July,
1965. Our debonair retiree resides at 58
Gayles Road, Belmont, Ma s.

MAY/JUNE 1969

The other recipient of honors wa
Dr. Arnold P. G. Peterson, GR consult­
ant in the areas of sound and vibration.
As part of ceremonies conducted to
mark the twentieth anniversary of the
foundling of the Audio Engineering
Society, Dr. Peterson received the John
H. Potts Memorial Award on October
23, 1968. The bronze medallion named
for the deceased publisher and editor of
"Audio Engineering" was given in rec­
ognition of outstanding achievement in
the field of audio engineering. The cita­
tion noted Dr. Peterson's "many prom­
inent contributions to the design of
audio and acoustic instrumentation."
Some readers may remember the first
Experimenter article by APGP entitled
"The Type 757-A UHF Oscillator" in
the August 1941 issue; more may recall
his latest article, "A Magnetic Tape Re­
corder For Acoustical Vibration And
Other Audio-Frequency Measure­
ments" in October 1966. It appears to
be time for another article!

P. K. McElroy

A. P. G. Peterson
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Type 1654 I mpedance Comparator with its companion accessory. Type 1782 Analog Limit Comparator.

IMPEDANCE COMPARISON SPRINTS AHEAD
Mobility in measuring impedances, coupled with accuracy, wide range, and ability to control!

The Goal

Over the years, GR has tried to
relieve the tedium and monotony of
passive component inspection and test­
ing by introducing functional-designed
test equipment. For instance, we feel
that technicians are able to remain
alert for longer periods of time when
test data are presented in simple
GOI 0 GO patterns. Eliminating the
time normally required to read panel­
meter indications also result in a av­
ing in labor costs. In our estimation,
the design of the new GR impedance
comparator has succe fully joined the
concept of complex, programmed test­
ing with the concept of simple, indi­
vidual component measurements, at
no sacrifice in accuracy or reliability.

The first comparison bridge engi­
neered by General Radio for produc­
tion testing was the manually-operated
GR 1604 Comparison Bridge. 1 Several

1 Hollje, M. C., "A New Comparison Bridge
for the Rapid Testing of Components,"
General Radio Experimenter, December
1952.

22

years later, it was followed by the GR
1605 Impedance Comparator,2
i ncorpora ting grea ter precision and
versatility, simultaneously indicating
phase-angle and magnitude differences
between two external test impedances
over an extended frequency range, and
requiring no .bridge balancing. This
bridge was semi-automatic in opera­
tion.

In 1964 the GR l680-A Automatic
Capacitance Bridge3 brought with it a
component test rate better than two
per second. The in pection-rate bottle­
neck was broken, and the unit's ac­
ceptance by industry encouraged in­
troduction of another digital unit - the

2Holtje, M. C., and HaU, H. P. "A High-Pre­
cision Impedance Comparator," General
Radio Experimenter, April 1956.

3 Fulks, R. G., "The Automatic Capacitance
Bridge," General Radio Experimenter, April
1965.

4 Leong, R. K., "The Automatic Impedance
Comparator," General Radio Experimenter,
June-July 1968.

GR 1681 Automatic Impedance Com­
parator System. 4 The customer
received digital readout of phase-angle
and magnitude differences, higher ac­
curacy and resolution, and greater com­
patability with automatic component­
and data-handling equipment.

Many analog-measurement oper­
ations and customers still existed. The
need to extend and expand the design
of analog comparators was the incen­
tive to develop the latest type of GR
comparator, which' incorporates auto­
matic features.

The Achievement

The GR 1654 Impedance Compar­
ator supersedes the GR 1605 compar­
ator and, with its companion accessory
the GR 1782 Analog Limit Compara­
tor, provides a semi- or fully-automatic
system at about one-third the cost of a
similar digital system. Mea urement
features include
• Operating range from 100 Hz to
100 kHz in four steps.

GENERAL RADIO Experimenter



MAGNITUDE CHANNEL

UNBALANCE AMPLIFIER

~------i'l..>-------'
SWARE -WAVE

GEN(RATOR

PHASE CHANNEL

Figure 1. Block diagram of
GR 1654 Impedance Comparator.

• Comparison precision to 30 parts
per million.
• Impedance range from 2 n to 20
Mnat 100Hz.
• Capacitance range as low as 0.1 pF
direct reading, with a modified substi­
tution method."
• Six deviation ranges from 0.1 % to
30% full scale.
• Test voltages from 0.3 to 3 volts,
for easy voltage-coefficient tests.
• Operating rate up to 4 units per
second, in the automatic test mode.
• Positive indication of direction of
overload.
• Indications on large panel meters.
• Analog output voltages.
-Refer to Circuit Notes at end of article.

The block diagram of the 16 S4
comparator, Figure I, illustrates use of
a tightly-coupled 1: I ratio toroidal
transformer as two arms of the bridge;
the standard and te t impedances com­
plete the circuit. The unbalanced-out­
put signal of the bridge is fed through
a guarded circuit, which effectively
reduces cable capacitance by three
orders of magnitude. This permits
measurement, with negligible error, of
test items as remote as thirty feet.
From the amplifier system the signal is
passed to the magnitude and phase
channels.

Input to the magnitude-channel
phase detector is direct. Input to the
phase channel first undergoes a 90°

phase shift, before connection to the
phase detector, in order to bring the
test frequency signal in phase with the
error voltage component due to any
phase difference. The phase detector is
fundamentally a switch operated in
synchronism with the test frequency.
Exact switching is controlled by a
quare wave derived from the zero

phase signal of the bridge.
The rectified voltage is that com­

ponent of the error voltage which is in
phase with the controlling square-wave
voltage. The detected output is fed to
a stable dc operational amplifier which
provides the required analog .output
voltage that is interpreted as magni­
tude difference or phase-angle differ-

Figure 2. Block diagram of GR 1782 Analog Limit Comparator.
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Figure 3. Schematic of limit comparison function.
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R. K. Leong holds degrees from Northeastern
University (BSEE-1960 and MSEE-1962l.
After two years' service in the U. S. Army as
1st Lt., coordi nating instrumentation for up­
per atmosphere research, he joined GR in
1964 as a development engineer in the
Low-Frequency Impedance Group. He has
specialized in bridge and comparator design.
He is a member of Tau Beta Pi and Eta Kappa
Nu.

ence between the test item and the
standard.

The l782 accessory unit (Figure 2)
incorporates front-panel lamps to in­
dicate GO or NO GO conditions. Each
NO GO lamp indicates a single test
limit, established as a preset voltage
E2 . The input voltage E, derived from
the magnitude or phase channels of
the 1654, is compared with E 2 , as
shown in the schematic diagram, Fig­
ure 3. Unbalance voltage Eo, if it
exists, is amplified by an operational
amplifier with sufficient positive feed­
back to cause the amplifier to switch
off or on. Its output triggers the NO
GO lamp drivers; if the comparison is
out of established tolerance, the NO
GO lamps will light. Within-tolerance
conditions for all limits will trigger the

GO I amp. Optional relay-equipped
models operate external automatic
sorting devices.

Applications
On its own, the GR 1654 is a work

horse on the inspection line or in the

laboratory. Routine operations such as
sorting, selecting, and adjusting pa sive
components (R, L, and C), and any
complex assembly of these compon­
ents, are accomplished as quickly as
you can make connections to the
bridge. The GR 1680-PI Test Fixture

GR 1654
ItIlPEOANCE

COMPARATOR

Figure 4a. Typical instruments and devices for
automatic component-measurement system.

GR 1654

Figure 4b. Typical sorting system - schematic
and relay interconnections.
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1654 Impedance
Comparator

1654-9700 Bench Model $1300.00
1654-9701 Rack Model 1250.00

1782 Analog Limit
Comparator

Bench Model
1782-9700 without relays 550.00
1782-9702 with relays 625.00

Rack Model
1782-9701 without relays 570.00
1782-9703 with relays 645.00

All prices subject to quantity discount.

is an ideal device for holding manually­
inserted components. For faster sort­
ing, the comparator and supporting
instruments and accessories are an ef­
ficient automatic component-measur­
ing system, as shown in Figure 4a. A
typical sorting system is shown in
Figure 4b.

The GR 1654 also is suitable for
measurements of capacitors of ex­
tremely small values, low-loss capaci­
tors, and dielectric samples; temper­
ature-coefficient measurements of

components tested within environ­
mental chambers are a routine matter.
Production testing of back-biased
diodes and transistor-collector junc­
tions is also routine; testing and adjust­
ing of ganged capacitors and potenti­
ometers for desired tracking within
tolerances is another useful applica­
tion.

-R. K. Leong

Complete specifications for the GR 1654
and 1782 instruments are available in the
1969 supplement to GR Catalog T.

CI RCUIT NOTES

Catalog
Number Description

Price
in USA

Cx - Cs
X 100%, C X 100%

.I'

he GR 1654 bridge circuit (Figure 5) measures imped­
ance difference as a percentage of the average of the stand­
ard (Zs) and unknown (Zx) impedances. The real part of
small phase-angle differences can be derived from the equa­
tion

Introduction of nonlinear networks into the magnitude
channel results in a linear indication of the impedance dif­
ference as a percent of the standard

Eo Ilxl -ilsi
Re E = Ilsi X 100%

and reduces the number of scales for total measurement
range. Measurements of R, L, and C furnish magnitude dif­
ferences as percentages:

Rx-Rs Lx-Ls
X 100%,

R s Ls

The imaginary part of small phase-angle differences can
be obtained from the equation

Eo ex - es
1m If = 2

For measurements of R, L, and C, the phase-angle dif­
ference indication is a measure of

6D of C and L, or tJ,Q of R.

Measurement of low-value capacitances usually is limited
by input-terminal capacitance CIN . The capacitance effect
is mitigated by the connection of the standard CA' as
shown in Figure 6. If the value of CA is chosen as approxi­
mately lOX CX' or greater, the magnitude difference read-

2Cx
out is proportional to C C· For example, if CIN is

A + IN

typically 1 pF and CA + ClN = 200 pF, for a meter reading
of 0.1 % the value of Cx = 0.1 pF. Note that the bridge is
direct reading.

Figure 5. GR 1654 Bridge circuit.

E

E

E
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Figure 6. Bridge schematic for
small-capacitance measurement.

Information Retrieval
Indexes for Volumes 41 and 42

(1967, 1968) of the Experimenter are
available upon request to the editor.
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VHF and UHF Attenuation Measurement to 140 dB 1

This paper describes a system assembled for rapid measurement comparisons of attenuators with
values ranging to 140 dB, with basic resolution of 0.01 dB and with maximum errors of 0.08 dB. A
simplified system for measurements to 110 dB at certain selected frequencies is described also, as well
as refinements permitting spot frequency measurements to 170 dB.

by S. Brown Pulliam

Introduction
The pre ent-day design of commercially available stand­

ard-signal generators i highly sophisticated.* Quality
assurance te ting by the manufacturer must rely upon
state-of-the-art techniques. An example is the te ting of
output-signal attenuators, which control the signal level
over a range of a to 140 dB in la-dB step. Maximum
allowable error is 0.1 dB per step; maximum cumulative
error i 0.5 dB. The frequency range for these requirements
is from dc to 500 MHz. This article deals with the test
measurement ystem that wa designed to a ure in trument
performance to specification.

The System Choice
R. W. Beatty of BS has classified the various attenua­

tion-mea urement systems;2 our system fall in the general
category "Direct ubstitution." everal techniques are
available under this system, including series and parallel
substitution. The major advantage of the series sub titution
technique is that, as the test attenuator is adju ted in level,
the reference attenuator i similarly adjusted but in the
opposite direction. The total circuit attenuation therefore
remains constant and, the signal level into the detector
being relatively con tant, nonlinearity is not a problem. In
the parallel- ubstitution technique, the test signal is plit
into two paths, one through the test attenuator and the
other through the reference attenuator, and is recombined
in a detector. This has the advantage that any instability in
the output level of the source, or in the gain of the
detector, has no effect upon measurement accuracy. How­
ever, in order to make the system work, either an auxiliary
rf switch or a precision phase shifter is required.

Most commercially available attenuation-measurement
systems use an i-f substitution method in which the
reference attenuator is calibrated at one frequency only.
These sy tems are limited to a maximum single-step range
of approximately 100 dB due to the dynamic range of the
mixer.
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There is no definite basi for a choice between the serie ­
and parallel-sub titution techniques; however with suf­
ficient level stability of signal ource and detector, the
series-substitution technique is simpler to implement.

Any practical system for measuring large values of attenu­
ation involves detection of a weak signal. Most engineers are
aware of the fact that increased sensitivity involve narrowing
of the receiver bandpa but may overlook the fact that some
receiver systems contain elements which have a ' threshold
effect." One such element - the econd detector of the usual
single-conversion superheterodyne receiver - will 10 e an
applied signal if it is buried in random noi e,3 and no amount
of post-detection filtering can retrieve it. Fortunately, in
mo t attenuation-measurement applications the available te t
signal is large enough, using conventional superheterodyne
techniques, to obtain detection re olution equal to that ob­
ta ina ble by very sophisticated ynchronous detection
schemes.

System Design Considerations
Little of the literature concerning attenuation measure­

ment system is devoted to the problem of ease or rapidity
of readout versus system sen itivity. Measurement range can
be increased by narrowing the bandwidth, and, similarly,
resolution can be increa ed by lengthening the measure­
ment time. Decisions mu t be reached on what resolution
or precision is required in a particular measurement and
what maximum attenuation mu t be inserted in the
measurement channel. The remaining significant variables
are time, generator power, and detector noise figure. Time

·Examples are General Radio Types I 003-A and I026-A.

1Abstracted from paper of same title scheduled for publication in the
March, 1969 i ue of the IEEE Transactions on Instrumentation and
Measurement.

2 Bealty, R. W., "Microwave Attenuation Measurements and Stand­
ards," BS Monograph 97, April 1967.

3Downing, 1. 1., Modulation Systems and Noise, Chapter 4,
Prentiss-Hall Inc., 1964.
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i the most difficult variable to resolve and involves factors
which are quite subjective. An experimental conclusion
reached was that peak-to-peak meter jumps should be less
than 0.02 dB in a measurement interval less than 5 seconds.
This in turn required an equivalent signal-to-noise ratio in
the receiver of at least 50 dB in a I-Hz bandwidth.
As uming a total attenuation of 140 dB to be measured, the
ratio of input ignal to output noise is 190 dB. Signal
generator power was calculated to be +21 dBm con idering
a theoretical available thermal noise level of -174 dBm for
a I-Hz bandwidth (300 K operating temperature) and
as uming a receiver noise figure of 5 dB. Available power
from the signal generators under test were +27 dBm ( ype
1026-A) and +22.5 dBm (Type 1003-A), pre enting no
problem.

The signal versus noise requirements outlined above,
combined with the need to avoid "threshold-effect" los e ,
resulted in election of a pre-detection bandpass of I kHz.
This immediately impo ed stringent frequency-stability
requirements upon the measurement ystem.

Working in the uhf spectrum with an LC tuned signal
generator, which could easily drift more than I kHz,
required an auxiliary pha e-lock loop. The dual phase-lock
system shown in Figure I wa developed for the uhf tests.
A ynchronizer phase locks the source frequency, and a
second loop lock the econd i-f signal to a 50-kHz
crystal-controlled reference frequency. Thi permits
optional use of a wave analyzer or selective voltmeter if
extension of the attenuation measuring range to 170 dB is
required. A lock-loop bandwidth of 500 Hz i more than
adequate to correct for any frequency drift in the cry tal­
controlled converter, when the 50-kHz phase-detector
output is u ed to control the synchronizer reference
frequency.

The basic readout instrument of the attenuation­
mea urement system is a I-dB expanded- cale meter at the

S. B. Pulliam joined the engineering staff of
General Radio in 1959 as a member of the
Signal-Generator Group. He had received
the BS degree in Physics from Union College
in 1951. served in the US Navy for three
years as Electronics and Communications
Officer, and also had been associated with
the Naval Ordnance Laboratory as Elec·
tronic Scientist. Mr. Pulliam is a member of
IEEE.

i-f amplifier output. It was lightly modified to provide a
one-second time constant. An auxiliary readout recorder
has become an integral part of the mea urement system
because it reduces operator fatigue considerably.

The vhf-measuring system developed is identical to the
original uhf system with the exception that the converter is
replaced by a 79-MHz converter. No synchronizer is
required in this system. The frequency stability of either
signal generator is more than adequate to stay within the
500-Hz locking range of the secondary loop, and the dc
con trol is connected directly to the signal-generator
varactor terminals.

System Performance Evaluation

Te t of the drift in level of the combined signal
generator and 30-MHz amplifier indicate a stability of
±O.O I dB, for a time interval of 20 econd. Further tests
have indicated drift does not exceed ±0.01 dB for intervals
up to 10 minutes.

Signal levels at the receiver input as Iowa -143 dBm
produce succe sful phase locking. For useful measurements
at this level, however, a econd i-f bandpass on the order of
10Hz is required. This may be provided by the wave
analyzer as shown in Figure I.
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Figure 1. Block diagram of attenuation-measuring system.
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e ATTENUATOR
~ -BEING REFERENCE DETECTOR

TESTED ATTENUATOR-- - ATTEN·S

MAXIMUMSWR 102 '20 102 110

AXI 'UM REf lECTlON
09'J r 0566

COEFFICIENT

MAXIMU REflECTED POWER 04230" 0138 d8

Ml 11U REfLECTION
083 r 0384

Figure 2. Significant reflection COEfFICIENT

errors for interior steps of test INIMU REFLECTED POWER om d8 0063 d8
and reference attenuators.

UNCERTAINTY O,211d8 0075 d8

TOTAL UNCERTAlNTY
0203 d8

DUE TO SWR

THEREFORE MAXIMUM COMPARISON ERROR DUE TO ISMATCHI G - 0' d8

Figure 2 presents the interface reflections for the
interior 100 dB of the attenuators and re uIts of calcula­
tions for the interior steps. Attenuation compari on error
for all interior steps is calculated to be ±O.O I dB. For the

Table 1
Summary of comparison errors

Interior Extreme
Attenuatar Values

Source Step to 120 dB to 140 dB to 160 dB

Recorder resolution ±.01 dB ±.01 dB ±.01 dB ±.01 dB
and system drift

SWR ±.01 ±.06 ±.06 ±.06

Noise fluctuation 0 0 ±.01 ±o.2

Meter error (1000) ±o.3

Worst-case error ±.02 dB ±.07 dB ±.08 dB ±a.57 dB

extreme steps an additional reflection pair between the
generator and the attenuator being tested causes a maximum
error that i calculated to be 0.06 dB.

Much attention wa directed to rf leakage around the
attenuator path because of the large amounts of attenua­
tion involved. xceptional care wa taken to shield the
source from the detector. A leakage signal which is
coherent with the detected signal can cause an error of 0.0 I
dB if its level i 60 dB below that of the detected ignal. A
measurement at the 140-dB level would require hielding
effectiveness of 200 dB. In addition to the requirement for
well shielded signal sources and detectors, interconnection
mu t also be well-shielded by solid- heath coaxial cable.
Te ts made with the system de cribed in this article showed
that in no ca e was leakage found to be a disturbing factor
for measurements to 140 dB.

The ummary of the errors, shown in Table I, indicates a
worst-case comparison error of 0.08 dB for attenuations to
140 dB, and 0.57 dB to 160 dB.

Editor's Note - Copies of Mr. Pulliam's paper will be available from
General Radio Company, 300 Baker Avenue, West Concord,
Massachusetts 01781 .

Seminar Scheduling
A new seminar ha been added to eneral Radio' u tomer Seminar Program. It title is

Real-Time Sound and Vibration Measurements and it covers theory and application of the
GR 1921 Real-Time Analyzer, input/output equipment, and analyzer/computer system.
Two 3-day seminars were scheduled during June at the oncord facility. Thi fall, the
eminars will be repeated both at Concord and in several major cities. on tact your local GR

District Office for more information.

Recent Technical. Articles by GR Personnel
"In trument and Techniques of Sound
Measurements" W. M. Ihde, ational
Safety News, December 1968.·

"Simplified Pure-Tone Audiometer Cal­
ibration," R. P. LaJeunes e, National
Hearing Aid Journal, March 1969.··
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" one-Burst Testing of nderwater
ransducers," D. M. Lloyd, Undersea

Technology, April 1969. *

"Recent Advances in Coaxial Com­
ponents for Sweep-Frequency Instru­
mentation," T. E. MacKenzie, Micro­
wave Journal, June 1969.

"Ra tio Transformer Techniques for
Precise ain and Phase Measurement ,"
T. J. oughlin, Electronic Instrument
Digest, June 1969.

• Reprint available from General Radio.
"Expanded Instrument ote (I 114) avail­
able from General Radio.
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Type 1160-RDI-1 B Digit Insertion Unit.

FASTER SWITCHING FOR 1160-SERIES SYNTHESIZERS
Why and How

The General Radio 1160-series of
frequency synthe izers is significantly
improved, primarily in programmed
applications, with the introduction of
the GR 1160 RDI-IB Digit Insertion
Unit. It offers higher switching speed
and practically unlimited switch life
by replacing reed relays with semi­
conductor diodes. It retain and ex­
pands the remote-control capabilities
of the original 1160 RDI-I unit.!

The use of synthesizers has increased
con iderably since their introduction
to the fields of electronic meas­
u re ment and instrumentation. The
synthesizer transfers the accuracy and
stability of a frequency standard to a
broad range of frequencies with almost
unlimited resolution.2 Additional
capabilities, such as electronic fre­
quency selection from an external pro­
gram, have opened up many applica­
tions not anticipated previously and
have caused a demand for increased
witching performance. The new digit

insertion unit is expected to meet this
demand.

The modular arrangement of the
General Radio synthesizer family
allows us to u e identical digit inser­
tion units in a chain to control the
uccessive digits in the number defin­

ing the output frequency.3 One group
produces frequency increments from
100 kHz to 0.0 I Hz, depending upon

! Lohrer, G. H., "Remote Programming for
GR Synthesizers," General Radio Experi·
menter, May 1965.

2"Applications for Coherent Decade Fre·
quency Synthesizers," General Radio Com­
pany, October 1968. opies available on e­
quest.

3 No yes, Jr., A., "Coherent Decade Fre­
quency Synthesizers," General Radio Ex­
perimenter, September 1964.
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its position in the chain. This group of
units is identified as RDI-I (the letter
R indicates remote-control capability).
The early programmable units contain
reed relays. Switching i relatively slow
(2 ms) and typical life approximates
108 operations. It should be noted
that a number of this magnitude could
be exceeded in relatively short time in
an application involving continuou
high-speed switching.

The new RDI-l B unit eliminates
both disadvantages. Switching time
now is less than 200 /ls (an order of
magnitude improvement), and life ex­
pectancy is now almost unlimited.

Figure I shows a transition from 90
kHz to 20 kHz. 0 phase discontinu­
ity is visible with an oscillo cope
sweep rate of 50 /l jcm. It is important
to note that this kind of presentation
permits no assessment of the accuracy
of the newly-establi hed frequency
immediately after switching. Synthe­
sizer system employing any kind of
narrow-band devices after the point of
frequency switching will have stabiliz­
ing times and frequency error which
may not be insignificant in relation to
the normally high accuracy of synthe­
sizers. Higher-resolution measurement
techniques are therefore required.

Figure 2. Switching
sequences· 900 kHz

to zero Hz.

Figure 2 shows an example of the
method that was employed to obtain
repetitive switching sequences from
900 kHz to zero frequency, using a
dc-coupled phase detector for observa­
tion. From inspection of the oscillo­
graph, it is evident that the proper
pha e relationship is obtained in most
cases in les than 100 J1S (horizontal
scale is 200 /lsjcm). The lower trace rep­
resents the programming ignal (voltage
on "0" programming line).

Precision sweep capabilities, with
the continuously-adjustable decade,
account for numerous applications of
GR synthesizers in network character­
ization. In addition to these capabili­
ties, it is now possible to simulate a

Figure 1. Switching transition.
90 to 20 kHz.
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Figure 4. Interior details of R01-1 B unit.

--..-----.---- ·IV

et fence of frequencies. We obtained it,
and also an economic advantage, by em­
ploying silicon diodes to connect the
different frequency-control capacitors
and by redesigning the phase-lock loop
for highest speed consistent with proper
attenuation of unwanted frequencies.

Figure 3 shows a simplified sche­
matic of the digit oscillator and select­
or. Two diodes are used per digit.
They provide a double path for the rf
current to ground in the "on" state
and obviate the need for an rf choke in
the "off" state. The energized end of
the capacitor is isolated by means of
the diode back bias. The digit oscil­
lator is part of the active filter that
selects the proper digit from ten avail­
able frequencies.

To illustrate further the changes in
design, we divide 50-51 MHz by 10
with an injection-locked oscillator,
directly synchronized by the high-fre­
quency signal. A circuit design, which
guards against free-running of the
oscillator, causes the output amplifier
to turn off automatically when an in­
put signal has not reached the divider.

Improvements in reliability and in
performance of the synthesizer-digit
insertion unit combination have been
attained through reduction of some
spurious outputs and susceptibility to
magnetic di turbances. Most signifi­
cant, however, is the reduction of
switching time from 2 ms to 200 ps.

You will note, from Figure 4, that
the outer appearance of the RDI-I B is
very similar to that of the RDI-I and
DI-I units, indicating interchange com­
patability. The outward appearance,
however, is all that is similar. Four
circuit boards of identical dimensions
greatly facilitate semi-automatic align­
ment and testing. Functional com­
partmentizing and shielding have im­
proved serviceability and performance
of the unit.

Figure 3. Simplified diagram
of diode-switched

oscillator· one section of
selector only.

separately, on special order, for remote­
control programming, if desired at a
later date. A 10-line code is normally
provided but 1-24-8 BCD coding is
available on special order.

Design Details
A n important aim of the new

design was circuit simplification. This
was accomplished by u ing a simple
tran i tor input mixer, a new phase­
lock circuit design, 'and a divide-by-ten
circuit differing considerably from the
previous design. A higher switching
speed was de ired in the phase-lock loop
that selects the proper digit from a pick-
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sweep by remotely controlling fre­
quency in suitably small increments,
with no restrictions imposed by relay­
contact life. The GR RDI-2, -3, and 4
insertion units already are program­
mable by the electronic control in
steps of 1 MHz or 10 MHz.

The new RDI-I B unit replaces both
the DI-I and the RDI-l units.
Synthesizer model without remote
frequency programming are still avail­
able; in the future they will be sup­
plied with the RDI-IB module but
without remote-control filtering. Filter
plugs and remote cables are available

G. H. Lohrer isa 1952 graduate of Technische
Hochschule (Dipl Ing EEl. Karlsruhe. W. Ger·
many. His first employment was with G. Lor·
enz A. G.; he joined Canadian GE in 1953.
Philips Electronics in 1955. National Com·
pany in 1959. working in various capacities in
the VHF-UHF field. In 1961. he joined Gen­
eral Radio where he has specialized in syn·
thesizer work. A senior member of IEEE. he
is also a member of the Ontario Professional
Engineers Association.

-G. H. Lohrer

Complete specifications for the GR 1160
RDI-l B are available in the 1969Supplement
to General Radio Catalog T.

Catalog Price
Number Description in USA

1160-RDI-1B Digit
I nsertion Unit

1160-9485 less filter plug $455.00
1160-9480 with filter plug 505.00

All prices SUbject to quantity discount.
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2995-9158 Bias Supply.

All prices subject to quantity discount.

Voltage Range: 0 to 50.0 V.
Accuracy: (0.2% + 10 mV), typical.
Stability: (0.1 % + 1 mV), typical for 8 hours.
Impedance: Less than 0.2 n from 0 to 1 kHz.
DC Current Limit: 40·mA positive, 10-mA
negative.
Transient Current Limit: Less than 100 mA
within 2 J,E..
Added 3-Terminal Capacitance: Less than 1
pF.
Programming: 100 il/v.

The measurement of capacitors un­
der dc bias has become more than an
occasional task for the Type 1680 Au­
tomatic Capacitance Bridge, and we
have responded to this and other re­
quirements with a companion bias sup­
ply, the 2995-9158.

This supply provides a bias voltage
adjustable from 0 to 50 volts· in incre­
ments as small as 0.1 volt. Voltages can
be remotely programmed or manually
set, and a panel meter serves to indicate
the output level. The 2995-9158 also
protects the GR 1680 from large cur-

rent surges by instantaneously limiting
the current whenever a charged or
shorted capacitor is inadvertently con­
nected for measurement.

An additional feature of this bias
supply is the very low series impedance
it presents to the bridge test signal. This
eliminates the need for corrections to
the GR 1680 readings on all bu t the
highest capacitance range. Engineering
development was by R. P. Anderson,
Assistant Group Leader, Impedance
and Networks Group.
·Several supplies can be used in series to per­
mit a combined bias voltage of 150 V.

Catalog
Number Description

2995-9158 Bias Supply

Price
in USA

$800.00

Type 9oo·G6, -Gl0 Attenuation Accuracy.

Type 900-LK10

Type 900·020

245.00

Price
in USA

$185.00
185.00

160.00

Description

Precision Fixed
Attenuators

9OO-G6 (6 dB)
9OO-G10 (10 dB)

900-020 Adjust·
able Short Circuit

9oo·LK 10 Precision
Adjustable Line

.0' I I I->-
SPEctfbTION -~ 1

.0
I ...)...+- TYptCAL

02 ..... 1*0'_ .- I'--
I.--i-"" I I
I , > . • • 7 ...

fREQUENCy - GHI

Catalog
Number

All prices are SUbject to quantity discount.

,,'•~,

Type 9DO-G6, ·G10 SWR.

0900-9570

0900·9850
0900-9851

0900·9430

Complete specifications for the four
units above are available in the 1969
Supplement to General Radio Catalog
T. Engineering development was by
John Zorzy, Group Leader, GR Engi­
neering Department.

...., . .
F"EOU£~T-GH,

r= - -,---,-- ~

.
TYPiCAL..... t~SP(Ctf1CATlOH~ """

I

GR 900-G6 and GR 900-GIO Preci­
sion Fixed Attenuator are equipped
with GR900® connectors and have
values of 6 dB and 10 dB re pectively.
These attenuators are much lower in
SWR and have a more uniform attenua­
tion over a wide frequency range than
units previously obtainable for 50-ohm
lines.

GR 900-020 Adjustable Short Cir­
cuit is a coaxial sliding short circuit
equipped with the GR900 connector,
usable as a tuning and matching element
or as a reactance standard.

GR 90Q-LKIO Precision Adjustable
Line is a line stretcher with very low
SWR and uniform characteristic im­
pedance and in ertion loss, equipped
with GR900 connectors.
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C. E. White
Editor

Our last editorial touched upon the sub­
ject of performance specifications for instru­
ments and was designed to elicit some re­
sponse from our readers. In the interim peri·
od, while waiting for you to receive the issue
and to consider the questions raised, our at·
tention has been drawn to another aspect of
the specification problem.

The bond between manufacturer and cus­
tomer must be based, in equal parts, upon
truth and belief. The presentation by the
manufacturer must be truthful; the reception
by the customer must be with a feeling of
belief. Together, these conditions denote at·
tainment of integrity. Without that bond of
integrity between maker and user there can·
not exist a successful manufacturing organi­
zation.

Our personal sensitivity on this subject has
been sharpened lately by a change in position.
Recent assumption of the duties and respon­
sibilities of editorship has not diluted our
memories of, and experiences as, a customer
rather than a supplier. From these experi­
ences we are able to draw upon a fund of
information related to customer problems.
Formerly we were able to accept nothing we
saw or heard in the manufacturing world
without question. Our working relationship
with engineers within General Radio, how­
ever, has been established upon the common
ground of mutual respect and a continuing
desire to give to our readers information,
service, and a faith in the integrity of our
engineering and in the quality of our prod­
uct.

...... 7Recent Technical Articles by GR Personnel

Seminar Scheduling . . . . . . . . . . . . . . . . . . . . . . . . 9

Reports from the Field 10

The General Radio Experimenter is mailed without charge to
engineers, scientists, technicians, educators. and others interested in
the instruments and techniques of electrical and electronics meas­
·urements. Address all correspondence to Editor, General Radio
Experimenter, General Radio Co., West Concord, Mass. 01781.

© 1969 - General Radio Company, West Concord, Mass., USA

THE COVER - The multipliCity of numbers is the seed for computing processes and the
basis for science in general. In prehistoric times, with his 10 fingers as a group control,
man counted by using twigs and pebbles. The Greeks and Romans supplied graphic
control with their symbolic number-fig~res.Modern technology confounds the centuries­
old use of 10 as a number base by adopting 2 as its number base. The conversion from
deCimal to binary system is the subject of our cover and, in a not-too·subtle manner, our
little friend draws the attention of our readers to our line of new, inexpensive counters.
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GR 1192 Counter

The Counter-Punch

Diminutive in size and cost, the GR 1192 Counters successfully match their bigger brothers in versatil­
Ity, sensitivity, and immunity from noise. These instruments can interface with computers; they count up
to 500 MHz (using the GR 1157-8 Scaler) and offer precisions of 5, 6, or 7 digits.

The digital electromc counter is to­
day a widely accepted, basic measuring
tool u ed ide by side with the oscil­
10 cope, voltmeter, and signal source. It
is also the youngest member of that
family of tools inasmuch as we find first
mention l of a counting-rate meter in a
report from a meeting of the American
Physical Society in April 1936. The
development of the meter is an interest­
ing study in evolutionary engineering,
from its original application as an aver­
aging device to register the output of a
Geiger-Muller tube counter2 to today's
ommpre ent tool for counting compo­
nents and for measuring frequency and
time. Performance, operability, and
reliability have consistently improved
while co t has steadily decreased.

1 Gingrich, et ai, "A Direct-Reading Counting
Gate Meter for Random Pulses," Review of
Scientific Literature, December, 1936.
2 Bousquet, A. G., "A Counting-Rate Meter
for Radioactive Measurements," GR Experi­
menter, July-August, 1947.
3 Frank, R. W:, "A Programmable 20-MHz
Counter-Timer Using Integrated Circuits,"
GR Experimenter, June-July, 1968.
4 Westlake, N. L. Jr., and Bentzen, S., "The
Recipromatic Counter," GR Experimenter,
J une·J uly, 1968.
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General Radio has made notable
contributions to this progre . The GR
1130 Counter wa the first to apply the
principle of parallel entry storage to
prevent the intermittent read-in and dis­
play flicker of earlier counters. * Within
the past two years we have introduced
one of the first all-integra ted-circuit
general-purpose counters,3 as well as
creating a completely new concept in
low-frequency counters.4

The new counters to be described in
tms article reOect the present state of
device technology. These counters take
full advantage of the latest develop­
ments in integrated circuits, display
devices, packaging, and manufacturing
procedures to produce a high degree of
performance at a modest price.

Economics of Resolution and
Number of Digits

The majority of users of counters
apparently consider the measurement
of frequency to be one of the counter's
most important function. They want a
counter that operates over the maxi-

·U. S. Patent No. 3,328,564

mum possible frequency range consist­
ent with the co t and the current state
of the art. The GR I I 92-series of count­
ers, designed with a recognition of this
fact, covers the range from dc to 32
MHz. Use of the GR I 157-B Scaler
(page 13) will extend the upper limit to
500 MHz.

The co t of a counter is mghly de­
pendent upon the number of digits in its
display. Each displayed digit call for a
counting decade, a storage register, and
the display device itself. All these items
are relatively costly. In the interest of
maximum economy, the number of dig­
its is varied in the GR 1192 series from 5
to 7.

The number of digits displayed does
not affect resolution. Resolution for
frequency measurements, determined
by the duration of the counting gate, is
a maximum of 0.1 Hz for all counters of
the series. Resolution for period and in­
terval mea urements is determined by
the internal clock frequency (10 MHz),
corresponding to a maximum re olu­
tion of 0.1 JlS for each of the I I92-series
instrument.

3
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Figure 1. AsummaryoftheGR 1192
resolution and display characteristics
in its PERIOD and FREQUENCY
modes. Within the white area reso­
lution is highest in the FREQUENCY
mode. The 1-ms GATE TIME pre­
vents spill-over at the highest counting
frequency; for period measurements,
the 1OO-kHz counter clock permits up
to 10$ periods to be measured with­
out spill-ov8lS in the 5-digit counter,
while the 10 -PERIODS control per­
mits parts-per-million resolution at an
input frequency of 1 MHz.

110),12

S. Bentzen received his BSEE degree from
Indiana Institute of Technology in 1962,
joined General Radio the same year, and
completed work for his MSEE degree from
Northeastern University in 1966. Presently
he is a development engineer in the GR
Frequency Group. He is a member of IEEE.

More About Resolution

The wide range of counting-gate
times (100 IJ.S to lOs) and periOd-meas­
urement clock frequencies (0.11J.S to 10
IJ.s) permit even the 5-digit counters to
display the most significant figures of a
measurement without spill-over (Figure
1). All the counters incorporate a lamp
indicator to warn that, in the interest of
increased accuracy, the more significant
figures have been spilled-over from the
register.

Since the best time resolution of a
counter is e~tablished by a maximum
co u n t er-c1ock rate, period measure­
ments become less accurate as the input
frequency is increased. For example, in
a single period, a I-MHz signal will pro­
duce a reading of 10 counts. In order to
increase the accuracy of time measure­
ments, up to lOs periods of the input
signal may be averaged. This time-aver­
aging process has the side be~efit of re­
ducing the effects, in the displayed
data, of noise on the input signal by
approximately the amount of the aver­
aging (20 dB per decade of averaging).

The resolution of the GR 1192 for
measurement of different input signals
of good waveshapes, using frequency-,
period·, or multiple-period measur~­

ments, is shown in Figure 1. The figure
is relatively complex; fortunately, all

the complexity is in the figure because
the GR 1192 has both an automatically­
positioned decimal point and a display
of the dimensional unit of the measure­
ment. Note that the same resolution is
obtainable whether you measure with
the 5-, 6-, or 7-digit counter because the
largest numbers are displayed by using
sufficiently short gating times. Con·
versely, the smallest numbers are dis­
played by using relatively long gating
times. Since each counter in the 1192
series has identical gating-time controls,
resolution is identical from one counter
model to another.

Other Characteristics

In addition to making single- or mul­
tiple-period frequency measurements,
the GR 1192 performs the other basic
counter functions of serial accumula-

tion or time-interval measurements, or
it can establish non-decimal time-base
ratio . A with the measurement of fre­
quencies the wide range uf clock ratios
(and time-base scaling) permits full res­
olution while accommodating even the
least-costly 5-digit display.

• In serial accumulation or simple
counting, a measure is continuous as
long as the operator permits the count­
ing-gate in the instrument to remain
open. In the GR 1192, control of the
gate is either manual or remote by
means of start and stop pulses, or by a
remote signal. Often it is desired that
the counter present a total count over
an extended interval, rather than the
repetitive short interval counts. Such
requirements exist in production con­
trol, or when intervals such as pulse du­
ration are measured. A total count can

4 GENERAL RADIO Experimenter
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Figure 2. Illustration of hysteresis
applied to trigger pulses.

be retained by the counter memory
until the counter is directed to present
it or to erase the memory.
• Measurement of a time interval can
be defined by the duration of a single
pulse. In the time-interval mode it is im­
portant that the internal clock frequen­
cy be high for good resolution, but not
so high that a long time interval would
cause register spill-over. The highest ob­
tainable resolution in interval measure­
ments is 0.1 IJ.S in the 1192 series. In
order to prevent loss of the more signifi­
cant digits, the counter clock frequency
can be reduced to 100 kHz, which per­
mits the measurem~ntof an interval as
long as 100 seconds without spill-over.

• Another useful measurement mode
is that of RATIO. The frequencies of
two -signals A and B are related: A/B.
The B signal is used effectively to estab­
lish a new time base for the counter, as
in these examples: A I DO-Hz signal con­
nected to the B I PUT can produce a
gating time as long as 1000 seconds.
Ratios of a non-decimal relationship,
e.g., 60 ms, can be obtained when a
stable input frequency of 16.6 kHz is
fed into the B INPUT. Such a ratio is
useful if you desire to display rpm. In a
similar manner, it is possible to establish
ratios that permit displays of flow in
gpm, velocity in mph, and other param­
eters.

Some Design Notes

There are no panaceas in the design
of counter input circuits. The thought­
ful designer gives the user what he wants
- high input impedance, good sensitivi­
ty, and low internal noise. It is neces­
sary, however, that the user understand,
and use intelligently, the input controls
designed into the GR 1192 series.

The input circuit of the GR 1192
feeds a level detector that produces a
pulse when the signal to be measured
passes through a predetermined level.
The level detector has a 1O-mV hyster­
esis magnitude, referred to the inpu~

terminals, which effectively prevents

TRIGG(R
~(V(~ NO.1

TRIGG(R
~(VE~ NO.2

Run ~(V£~ - ­
NO 2

REsn ~(V£~

NO I

HYSTERESIS - ONE TRIGGER PULSE

NARROW HYSTERESIS-
TWO TRIGGER PULSES
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1191·10

Figure 3. Example of hysteresis widening
to reduce false triggering.
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Figure 4. Effect of internal counter
noise upon trigger point.
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any false triggering actions by an input
signal containing noise (Figure 2). Pulse
triggering by noise may be prevented by
expanding the hysteresis magnitude to
such an extent that the hysteresis is
greater than the superimposed noise
(Figure 3).

Good practice indicates that the
hysteresis magnitude should always be
kept as wide as practical to overcome
the effects of additive noise. In the GR
1192, hysteresis magnitude can be
made great enough, by adjustment of
the INPUT ATIE UATOR control, to
overcome the triggering effects of un­
wanted noise levels from 10mV to 10
V. If noise is superimposed on a wave­
form, the TRIGGER LEVEL control
can be adjusted to move the triggering
level to a point on the waveform which
has less noise.

Optimum performance in the face of
superimposed noise is obtained when
the counter triggers on the maximum
slope position of the input waveform.
The TRIGGER LEVEL control, in
combination with the I PUT ATIE .
UATOR control, permits threshold ad­
justment over a range of ±100 volt .
Since the negative transitions are usual­
ly faster, we have chosen a negativ~ trig­
gering wave slope in our design.

The input impedance of a counter
should be high enough so that very little
loading of the input circuit takes place

6

under operating conditions. The input
impedance of the GR 1192 is 1 Mrl
shunted by 27 pF. These values permit
the operator to use an input probe such
as the GR P6006 which has an imped­
anceof 10 MS1shunted by 7 pF.

In a good counter, the internal input
noise should be very low and usually
will be insignificant compared to the
noise that has already been imposed
upon the input-signal waveform. Inter­
nal noise adds to the signal and will
cause the triggering point to vary in
time (Figure 4).

rror in a period measurement due
to noise impressed upon a signal can be
expressed as:

€ =- X 100%,
1TSn

in which is the noise level and S the
signal level in the same units of mea ure­
ment, and n is the number of periods
averaged. If we assume a signal-to-noise
ratio of 40 dB, the error in a ingle­
period measurement is calculated to be:
€ = 0.318%. This value is well within the
resolution of the counter.

When the input signal is very, very
clean, the limit of measurement ac­
curacy is established by the noise in
the input circuitry of the counter. The
effective input noise of the 1192
counter typically is of the order of 50

to 100 /lV. Thus the external trig­
gering error in microseconds i less

0.0002
than . al 1 . . Interested

Slgn s ope m J1S
readers can refer to the December
1962 issue of the GR Experimenter for
a general article discu ing error sources
encountered in counter measurement
and to the February 1966 issue for an
article specifically discussing noise-pro­
duced errors. 5 , 6

The accuracy of any counter is al­
most completely dependent upon the
accuracy and stability of its time-ba e
oscillator. Economical compromises in­
volved con ideration of low-co t ovens
or crystals that operate over the instru­
ment ambient-temperature range. The
GR 1192 employs a very stable 5-MHz
crystal, operating in the ambient-tem­
perature range of the counter, for inter­
nal-frequency control. It temperature
coefficient is less than 3 X 10·? in the
range 0 to 55°C. Total frequency shift
due to temperature is Ie s than 4 X 10-6

while long - term drift is less than
2 X 10-6 per month. If higher sta­
bility is desired in the counter, it can
be locked to an external frequency
standard, with the attendant gain in
accuracy and stability.

5 McAleer, H. T., "Digits Can Lie," GR
Experimenter, December 1962.
6 Frank, R. W., "Input oise," GR Experi­
menter, February, 1966.
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Figure 5. Automatic testing system
for the GR 1192 etched-board sub­
assemblies.

The physical size of counters has
been decreasing steadily and this GR
unit is no exception. In height, the
progress has been from 16 inches to
3 - 1/2 inches, with a corresponding
shrinkage to one-half rack width.

A Word About Production Control

The GR 1192 incorporates numer­
ous computer-type integrated circuits
mounted upon three etched-circuit
boards. In order to test each circuit
board, GR constructed an automatic

computer-controlled test assembly that
receives each type board in an individu­
al test jig (Figure 5). A total of 90 points
is tested on one board. The associated
computer is programmed to perform
more than 300 independent tests after
it has first determined that the circuit
has been conditioned for testing. The
test assembly identifies failures and
reports the failures in a printed record,
using an associated teletypewriter. Up­
on completion of the automatic test
program, the boards, okayed by the

computer, are removed by the operator
and installed in the instrument for a
final over-all functional check.

-So Bentzen

ACKNOWLEDGMENT
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sistance of B. Sargent in the electrical design
of this instrument and of J. McCullough for
production engineering.

Complete specifications for the GR 1192 are
available on the catalog page, included as a
tear sheet inside the back cover of this issue,
removable for insertion in GR Catalog T.

Recent Technical Articles by GR Personnel
"On Estimating Olsmes of Aircraft Sounds" R. W. Young
and A. Peterson, Journal of the Acoustical Society of
America, April, 1969.'"

"Spectrum Analysis of Stationary oise Signals," W. R.
Kundert and A. P. G. Peterson, Sound and Vibration, June
1969.*

A major instrument we employ to promote service to our
readers is, of course, the Experimenter. Do not overlook,
however, the existence of the supplementary handbooks, ap­
plication notes, and reprints of technical articles, such as
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"High-Gain Phase Detector Circuit Uses No Transformers,"
C. C. Evans, Electronic Design, May 24,1969.

"Microwave Tuners," T. E. MacKenzie, Electronic Instru­
ment Digest, April 1969.

·Reprint available from General Radio.

those above, available to our readers. A listing of these publi­
cations will be mailed to you upon request to the Editor.
Other que tions related to GR irtstruments or engineering are
al 0 welcomed.
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Calibration of High-Voltage Transformers
This article, by an Australian reader, is presented as a calibration

note of general interest to readers in the high-voltage and power fields.

Standard voltage tran formers for comparison with the
unknown transformer at voltages above 110 kV are expensive
and rarely available. An absolute method must then be used.

The ratio and phase angle of the transformer under test are
compared, at rated voltage, with those of a stable and loss­
free capacitance divider of negligible voltage coefficient of
capacitance. The ratio of the divider is then measured at low
voltage. It is generally held that the ratio should be deter­
mined as a ratio, that is, derived by a transfer process and not
by the measurement of individual quantities. This applie
when you are striving for the limit of attainable accuracy
while using a special divider with gas-dielectric three-terminal
capacitors in both arms. For indu trial purposes an uncertain­
ty of measurement of 0.03% in ratio and 1 minute in phase
angle is sufficient.

It is convenient to measure the two capacitances with the
GR 1620-A direct-reading, 0.01% capacitance-measuring as­
sembly. The ratio is obtained from

wherein ep is the phase angle of the transformer in radians and
C1 , C2, Vp, and Vs are as given in Figure 1. The expression

Figure 1. Schematic diagram of
high-voltage transformer calibration
circuit.

8

for ratio differs from C2 IC1 by less than 2 parts in 105 for
phase angle smaller than 20 minutes.

The transformer under test is connected in eries aiding,
and the ratio balance is obtained by adjusting C2 . The capaci­
tor C1 i a three-terminal compressed-gas type of suitable
voltage rating. Commercially available models have capaci­
tance values of 50 or 100 pF. Reputable makes with clean,
conditioned, and well-centered cylindrical electrodes have a
loss angle of less than 10-5 radian and insignificant voltage­
and frequency-coefficients of capacitance. It is therefore suf­
ficient and convenient to measure C1 at 1000 Hz.

If C1 has values of 50 or 100 pF the capacitor C2 may
have values to 0.5 microfarad, for ratios between 1000 and
5000. The dielectric of C2 is polystyrene for the decade steps
and air for the variable part. In tests carried out so far on
three-phase transformers rated up to 330 kV/IIO V, 3 phase,
the capacitor C2 was home built; a GR 1412-BC is an excel­
ent commercial substitute. The losses of polystrene-dielec­
tric capacitors are very low; for calibration purposes it is
sufficient to use a constant correction of +0.3 minute. Tests
have shown that the voltage coefficient up to 100 volts is less
than 2 parts in 105 and thus negligible for the purpose. The
capacitance of C2 wa measured at 2~ times the power fre­
quency, viz 125 Hz, to avoid errors due to stray field at the

:, ci
11!l(HOOpf
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[E==~I
I
I
I
I
I
I
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I
C2
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DECADE
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low voltage level employed in the GR 1620-A assembly. For
polystyrene capacitors, the frequency error of capacitance is
negligible between 50 and 125 Hz. Errors due to temperature
changes were minimized by measuring C2 immediately after
the calibration of the unknown transformer and without
shifting its physical position.

The battery-operated GR 1232-A tuned amplifier is a suit­
able null indicator (D in Figure 1) and presents no problems
with double earthing, a would be the case with a mains­
operated device.

The phase angle is adjusted by means of P and is obtained
from

L. Medina is an EE graduate ofthe Technical
University of Vienna, 1932, with an ME
awarded him in 1959. He recently retired
from the High Voltage Laboratory, which he
hel ped establish, of the Commonwealth
Scientific and Industrial Research Organiza­
tion, Sydney, Australia. Presently he is teach­
ing part time at the University of New South
Wales and at Sydney University, while acting
as consultant in high-voltage engineering.

r 1 3438] .
I/J = lWC

2
(R + r) ex: J() + 0.3 mm,

m~nts are repeated (k2 , PA 2 ) with an auxiliary capacitor of
approximately the same value as C2 connected acros the
burden. This will make the ratio smaller and the phase angle
more negative. The corrected results are then:

wherein R is the measured resistance of the nominal
100,00o-ohm l-W high-stability, carbon current-injection
resistor, r is the output resistance of the GR 1454-A
10,000-ohm voltage divider* and a is the dial reading of the
1454-A divider.

The permalloy-core stepdown transformer T has a ratio of
10/1; its primary impedance exceeds 100,000 ohms and thus
presents a negligible burden to the transformer under test; it
resistances referred to the secondary are Ie s than 1 ohm.

If the transformer to be calibrated is designed for a mall
burden, the loading due to C2 may cause an error which is not
negligible. To correct for this, the ratio and phase angle are
first mea ured in the normal way (k), PA). The measure-

Direct-reading measurement was not ought becau e cali­
brations are done infrequently, and generally only on the first
transformer of a production run. This unit serve as a stand­
ard for the remainder.

While all work was carried out at 50 Hz there is no ques­
tion that the arrangement is suitable for the calibration of
voltage transformers at 60 Hz.

• Type 1455-A replaces Type 1454-A.

Seminar Scheduling

The lectures will deal with practical acoustics and noise
control. Readers interested in attending the lectures can con­
tact the GR Di trict Office closest to the locations listed
above for information related to exact location and fee.

A series of lecture-seminars on the subject of manufactur­
ing/plant noise will be presented by Laymon . Miller of
Bolt, Beranek, and ewman. The series will be conducted in
six cities on the dates tentatively scheduled below.

October 3, 1969
October 22, 1969
November 14,1969

ovember 22, 1969
December 3, 1969
December 10, 1969

Seattle, Washington
Denver, Colorado
Houston, Texas
Atlanta, Georgia
Charlotte, orth Carolina
Washington, D. .

\
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Reports from the Field

MATING THE GR 1680-A WITH THE IBM 1800

Figure 1. Control of GR 1680-A bridge assembly
by IBM 1800 computer.

Another successful marriage of the GR 1680-A Automatic
Capacitance Bridge Assembly to the digital computer is illus­
trated by an example supplied us by Tom King of the IBM
Data Acquisition and Control System (DACS) Center in San
Jose, California. The center has successfully interfaced the
IBM 1800 computer, using the Multiprogramming xecutive
(MPX) Operating ystem, with everal asynchronous test
stations for demonstration purpo es. The computer has been
able to control, at one time, such diverse manufacturing
devices as the GR 16 O-A, a relay test station, a carburetor
test station, a distributor test station, and a dynamometer. As
demonstrated at the 23rd Annual onference of the Instru­
ment Society of America in ew York, the test were run
asynchronously, with output reports recorded on the IBM
1443 printer, IBM 1053 and 1 16 keyboard printers, and on
the Tektronix 611 torage oscilloscope. The same bridge
program now is being run at IBM DACS.

The 1680-A as embly operate in conjunction with an
Ate car mechanical handler (Figure I). Test pallets, which
contain inductors, capacitors, or resi tors in'lots of 25 or 50
units, are subject to test specifications recorded in an IBM
1810 disk file. When the test process is started, the 1800

program calls for a record of the pallet and lot numbers
retrieves the related test specification data from the memory
disk, and instructs the handler to position the components
sequentially for test by the GR 1680-A. Upon completion of
a measurement, the data are fed back to the IBM 1800 pro­
gram for comparison and temporary storage prior to calcula­
tions.

Upon completion of tests of 25 or 50 positions, the IBM
1800 executes calculation of the output programs, mean­
while preparing for another test run by the GR 1680-A. Out­
put reports and scope displays are generated from the vari­
able-cor torage area, making it possible to overlap tests by
the GR 1680-A with reports of previous runs.

Typical data that can be economically stored in di k files
are test pecifications, life-test data, and other historical in­
formation. Required reports can be generated later from thi
stored information.

Photo courtesy of IBM.

PROGRAMMING TESTS OF COMMUNICATION CABLES

We have had a report that the GR 1680-A assembly is
involved in tests of communication cables. l The require­
ments here are measurements of mutual capacitance between

1 For complete details refer to "An Automatic Computer-Controlled
System for the Measurement of Cable Capacitance,' R. G. Fulks and
J. Lamont, IEEE Transactions on Instrumentation and Measurement,
December 1968.

10

the two wires of a pair, of unbalanced capacitances between
conductors of one pair and those of another pair, and of
unbalance of a pair to ground. Cables may range in size to 100
pairs; two-pair measurement combinations reach 4950. Pre­
viously, to carry out a manual check of pair-to-pair unbalance
was impractical; measurements were made only on pairs
known to be physically close.
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The automated system has the ability to alter its mea ure­
ment sequence. The computer quickly determines whether
the first direct capacitance of a combination is less than a
programmed value. This result indicates the pairs are physi­
cally separated and more precise measuring is eliminated. At a
rate of four measurements per second, the over-all automatic
measurement time is reduced to 15% of the manual time by
incorporating overlapping operations into the equence of
operation. The bridge can balance itself, the computer can
calculate capacitance, and the typewriter can type the results

almost imultaneously!
Measurements are normalized to nanofarads per mile and

typed out in a table showing the di tribution of measure-

ments. Average and tandard deviations are calculated al o.
Test tolerance are determined automatically from two
values typed in by the operator - number of pairs to be te ted
and cable length.

The assembly performing this task is shown in Figure 2.lt
includes the GR 1680-A as embly, PDP-8f digital computer,
scanner, teletypewriter, and an interface unit to perform sig­
nal-translation and data-storage functions. The assembly is
self-calibrating; a test employing a standard capacitor is per­
formed before and after each test sequence, to verify correct
operation of the bridge and scanner a sembly. Cable-meas­
ured value outside programmed tolerances trigger an alram
to alert the operator to check for the cau e of trouble.

Figure 2. Automatic test assembly for
communication cable inspection.

DESIGNING FIRE-RESISTANT NAVY CABLE

From time to time we at GR are made aware of the ex­
treme environmental conditions to which "ordinary" electri­
cal products are subjected and of the part played by our
instrumentation during extraordinary inspections. Recently
we learned of the rigorous development tests of avy cabling
used on board US avy ships for tran mi sion of audio and
data information. These cables must perform, without fail­
ure, during expo ure to shipboard fire. Failure could re ult in
severe compartment damage, 10 s of personnel, and even de­
struction of the ship becau e of the loss of an instruction or
command.

JULY/AUGUST 1969

The aval Applied Science Laboratory, Brooklyn, .Y.
has responsibility for design of fire-re istant, interior-com­
munications, ship-board cabling. Part of the task of proving a
successful design is exposure of cable samples to flame while
ele trical measurements of cable capacitance and conduct­
ance are made. An assembly that performs such mea ure­
ments (Figure 3) includes the GR 1680-A Automatic apaci­
tance Bridge Assembly plus the GR 1521-B Graphic Level
Recorder and GR 1136-A Digital-to-Analog onverter. En­
gineers know that rapid fluctuation of the capacitance of
twisted-pair communication cables, during exposure to simu-
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lated-fire conditions, is difficult to monitor manually. Use of
the automatic measuring assembly simplifies the measure­
ment task considerably. Mr. M. DeLucia, Project Engineer at
the avallaboratory, notes that a test response, imilar to
that shown in Figure 4, is typical of improved-cable response
to exposure to extreme environment, represented by the gas
flame in Figure 3.

Figure 3. Test assembly
for fire-resistant cables.

Figure 4. Graph of cable­
characteristic response to ex­
treme environmental change.

Art courtesy of US Navy.

Photo courtesy of US Navy.

• 4
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Deviations from Accuracy

.
Our apologies to "PK" McElroy for moving his home

location, as included in the article in the Experimenter for
May/June, page 21. In reality, he still lives at 58 Douglas
Road, Belmont, Mass., not at Gayles Road as printed.

12

Also, we were quite surprised to find that our paragraph
which mentioned the honor to Dr. A. P. G. Peterson, same
issue and page, could be construed as alluding to APGP as a
"foundling" of the Audio Engineering Society. In spite of the
Editor's story, Dr. Peterson was not abandoned as a child. It
was the twentieth anniversary of the founding of the Audio
Engineering Society that was the occa ion for the award to
Dr. Peterson. Finally, investigation has proven that Dr.
Peterson did not, as reported, publish his first Experimenter
article in August, 1941. In the October 1937 issue, before
joining GR, he printed an article "An Ultra-High Frequency
Oscillator" which reported the results of a project jointly
sponsored by MIT and GR.
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Combination of GR 1157 Scaler and GR 1192 Counter
assembled for rack mounting.

The GR 1157-8 Scaler, compatible
with the GR 1191- and lI92-series
Counters, replaces the popular GR
I I 57-A Scaler. This model includes im­
provement such as:
• Greater counter resolution at fre­
quencies that only require prescaling by
10, by the addition of a divide-by-IO
function to the divide-by-I 00 function.
• Smaller size, that permit side-by-
ide combination with the GR 1192

Counter.
The new scaler-counter combination
forms a single, standard-rack-width
package (GR I I 92-Z) that provides an
economical way to obtain high-frequen­
cy counting up to 500 MHz (Figure I).

The signal applied to the 1157-8 I ­
PUT terminal i fed to an attenuator
that reduces its amplitude by a factor of
1 (no reduction), 2, 5, or 10, so the in­
strument can handle signals from 0.1 to
7.0 volts rms amplitude. In order to in­
dicate the proper attenuator (SE SI­
TIVITY) control setting, the output of
the attenuator is rectified, amplified,
and applied to a "green- ector" meter.
Generous overlaps in range are provided

8-'
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o that attenuator settings may easily be
made to bring the meter reading into
the green sector. In order to give a clear
indication of the range of proper opera­
tion, the upper two-third of the meter
scale is electronically compre ed by
the meter amplifier. Thus an actual 7: I
signal range repre ented by the green
sector is compressed into a 3: 1 deflec­
tion ratio.

The attenuated input sign 1i ampli­
fied and applied to a pulse generator cir­
cuit that provides a pulse of O. 5-ns dura­
tion, as required by the tunnel-diode
binary divider. 1 The binary output,
now at one-half the input frequency, is
fed to a scale-of-five divider using three
integrated-circuit flip-flops in a ring­
type configuration. The output of this
quinary-divider circuit, now at one­
tenth the input frequency, is applied to
another integrated-circuit flip-flop for
frequency division by two. This ignal is
finally applied to a second scale-of-five

1Similar circuitry is described in the GR
Experimenter, page 13, October 1968 and in
NASA TechniCllI Note D·J337, "A Tunnel·
Diode Counter for Satellite Applkations,"
by E. G. Bush, June 1962.

Figure 1. Block diagram of the GR 1157-B.

divider, similar to the first, to obtain a
continuous end output at on -hun­
dredth the input frequency at the 100: I
SY C OUTPUT. In addition, a main
output is provided that can be switched
from the divided-by-IOO output to a
divided-by-IO output taken from the
high-frequency (first) quinary-circuit
output.

When the GR 1157-B is used as a pre­
scaler for a counter, the divide-by-IO
feature of the prescaler is an advantage
since it provides ten time greater fre­
quency resolution in conventional fre­
quency measurements than that pro­
vided by the divide-by-IOO feature.
When the counter's maximum frequen­
cy-handling capability is exceeded by
the input frequency-divided-by-I 0 ig­
nal, the scaler must be operated in the
divide-by-I 00 mode. Engineering of
this product was by J. K. Skilling and B.
J. Sargent.

Complete specifications for the GR 1157-B
are available on the catalog page, included as a
tear sheet inside the back cover of this issue,
removable for insertion in GR Catalog T.

100.'
SYNC

'l
10.1/1000'
OUTPUT
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It was my pleasure to spend the last two
weeks of August in Ottawa as Scientific
Editor for Commission I. International Scien­
tific Radio Union (URSI). during the XVlth
General Assembly of URSI. The assembly
meets to review the developments that have
taken place internationally during the past
three years in the many fields of radio science
and to explore the areas of research and
development urgently required during the
ensuing three-year period.

There is, however. a more fundamental
purpose behind the meetings. The assembly
presents an opportunity for representatives
of the national academies and scientific
bodies not only to exchange ideas in the
technical fields and to provide for arrange­
ments to coordinate experiments but also to
meet as persons. T he latter perhaps is the one
most important factor in the success of these
meetings for it removes. for a short time at
least. the political and geographical bound
aries that separate nations.

From the international pool of technical
information that flowed from the numerous
technical reporters, the rising influence of the
computer as a vital part of the measurement
system was quite apparent. This influence
became even more apparent during sessions
that involved other commissions, who look to

Commission I for help in linking instruments.
people. and computers into a coordinated
measurement unit.

Unquestionably, the complexity of our
ever-expanding technology requires a more
rapid adaptation to change. Therefore the
interests and concern of Commission I, and of
all other activities concerned with measure­
ments and standards, must turn inevitably to
technological innovation -. to the coupling of
man, instrument. and the computer to reach
the goal of purposeful measurement research.
from which come new and improved prod­
ucts and services.

The three·year period to the next General
Assembly of URSI in 1972 will be an exciting
time during which the data monster -- the
computer - will be tamed and managed to
perform more meaningful and accurale
measurements rather than to deluge man with
reams of measurement data of questionable
value.
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The Cover StroboscopIc lighting and photography are wonderfully effective tools In
the field of mechanical motion analysi Too ohen, however. this application Is obscured
by lustratlons of the use of strobe techniques in studies of the human figure in motion.
The artlc e In this Issue, describing the new GR Strobolume, should convince our readers
tl>at this Simple but efficaCIOUS tool is equally sUited to studies of mechanical and human
mot n

C. E. White
Editor



GR 1540Strobolumewith lamp head and three available control units.

Detailed Viewing In Ambient Brightness

The combination of a trobo copic light and relatively
inexpensive clo ed circuit television equipment is an exciting
and powerful new analysis tool that combine a pects of both
visual and photographic viewing. With currently available tv
equipment, there are no strobe interconne tion or syn­
chronization problems. These tv systems employ vidicon
camera tubes. The vidicon "sees" and stores the pul ed image
in a manner analogous to the human eye. The image is
converted to a video signal (electroni ) by a canning beam
that can be either played back immediately on a monitor or
tored on magnetic tape by a video tape recorder. uitabl

video ystems (camera, VTR, monitor) today are available for
a little as 1,500. The vidicon i quite sen itive and perform
well under aried light conditions.

With tv the operator can be at a location remote from the
subject, camera, and trobe, which is of value in hazardous
experiment uch a ob erving rain ero ion on the leading
edge of rapidly rotating helicoptor blades. The low cost of
video tape and its long playing time, typically 30 to 60
minute. make it practical to record entire tests such as
monitoring development progress in a vibration-reduction
program. These recordings may be rerun and reexamined as
often a de ired long after the test equipment has been tom
down or the tested device has been modified. Quite obviou ­
Iy, uch record may contain much more useful information
than written note. An additional feature of video taping is
th availability of one or two audio channel for data logging.
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Because the vidicon can tore the pulsed images between
fla he this system make it pra tical to extend stroboscopic
visual analysis to machine moving so slowly that the eye
would otherwise be subject to severe "flicker effect."

P rhaps the most exciting a pect of video storage is the
"in tant" and "single frame-by-frame" playback capability
of the video tape that, unlike movie film, doe not have to be
ent out to be proce sed. This gives the operator such

flexibility that the y'tem can be used for troubleshooting
machine malfunction in real time or reducing the setup time
of complicated machine.

With a slightly more sophisticated ystem, uch a two
camera and two strobe lights, a split-screen technique can be
u ed to view widely separated machine functions Or opera­
tion with respect to each other, in exact time synchronism!
Film becomes usele when the record have no further
historical value; the tape may be erased and re-used.

o
The new GR 1540 trobolume electronic stroboscope is

ideally suited a a upplement to visual analysis of almost any
form of motion, repetitive or non-repetitive. It can be u ed a
a continuou Iy adju table fla hing source over a range from
30 to 25,000 flashes p r minut or for no-contact speed
measurements to 250,000 rpm. With a manual oscillator
adju tment the flashing range can be set to be at or near
ynchronism with a cyclically moving object, to give a visual

image of topped or slow motion.
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Figure 1. Motion analysis with a still camera.
Picture sequence is a permanent record of
visual observations made to detect mis­
behavior of follower in contact with cam
rotating at 3000 rpm. The technique com­
bines synchronized flash plus continuous ad­
vancement of the time-delay control, to pro­
duce a high speed "still movie."

A second method of motion analysi employs a trans­
ducer, such as a photoelectric pickoff or a switch contacting
mechani m. to sense the position of the object and to "trip"
the Strobolume flash. A particularly useful feature is that, by
the flip of a switch, the photocell can be made to respond to
either light marks on a dark background or dark marks on a
Light background, or to contact opening or closure. The
trobe flash rate follows any deviations in the speed of the

moving object to produce a stationary visual image, thus
eliminating the need for manual tracking of the oscillator
dial. In addition, any point in the motion of the object can be
examined if each flash occurs orne time later than the
corre ponding synchronizing signal.

In the GR 1540, this time delay can be manually con­
trolled by a continuously adju table time-delay circuit. The
same knob control used for varying the flashing rate also
provides this adju tment over a range of from 100 micro­
second to I second. The longer a flash is delayed, with
respect to the synchronizer's signal, the farther along in its
cycle the object will move before being illuminated. The
visual image can thus be adjusted through the entire cycle of
motion, if desired, and the operator is freed from manually
tracking the oscillator to follow any speed variations.

A practical example (Figure 1) shows a cam and its
misbehaving follower. A sume that the cam is rotating
counter clockwise at 1800 rpm (30 rps or 0.033 second per
revolution). With no time delay, the image will appear, as in
Figure Ia, at the instant a photoe1ectric pickoff has sen ed
the Light reflection from a piece of reflective tape mounted on
the cam hub. Figure Ib shows what the stopped image would
look like when 8.3 milliseconds (1/4 revolution) of time

delay have been introduced. As more and more time delay i
added Figure 1 through I f, the am can be seen in all
phases of it motion. Thus, valuable pha e information can be
obtained about a moving object's behavior.

P OTO-I STRU I; T TION

In many studies recording requirement can be met only
using film a the torage or reference medium. The preceding
technique can be u ed to take high- peed single-fla h photo­
graphs with conventional cameras. With almost any conven­
tional still camera connected to the X-sync-contact input on
the Strobolume, plus the adjustable delay, photos can be
taken of a moving subject at a pecific point in its cycle. One
can, in effect, create a high- peed "still movie" record of fa t
repetitive event, imilar to that shown in Figure I.

The GR 1540 also has a built-in provision for keying the
o ciliator manually or with camera contacts to take multi­
flash or "fla h-burst" 'photograph of relatively low events.

Moving-film recording in high-speed photo­
instrumentation has chiefly involved the use of high-speed
movie cameras such as the Hycam *, with framing rates in the
hundreds- or thousands-per- econd range. Although the
cameras are equipped with internal shutters to pul e the
image to the film, a trobe light ource such as the GR 1540 is
often required to produce image of greater clarity and
freedom from distortion. With strobe light as the high-speed
shutter the subject is viewed for microseconds per frame
rather than milliseconds. Many high-speed cameras have the

• Red Lake Labs, Inc., Kifer Industrial Park Santa Clara CaJifornl'a
9505 I. "
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·Cinema-Beaulieu, Inc., ISS West 68th Street, New York, N. Y.,
10023.

necessary sync pulse to trigger the flash each time the shutter
is fully open.

A high-speed camera is usually operated at framing rates
several times the subject cyclic-motion rate, to obtain many
pictures within a single cycle. It is possible, in the case of
repetitive motions, to use a stroboscope and a conventional
movie camera fitted with an appropriate synchronizing de­
vice to take movies at effective framing rates of hundreds of
thousands of frames per second. In this ca e, a sampling
technique is employed, similar in concept to the principle
employed by a sampling oscilloscope, and each resulting
image is of a different cycle. Figure 2a is an illustration of one
of a number of techniques (outlined in the Handbook of
High-Speed Photography) for using the troboscope (whose
"light is the high speed shutter") with a conventional movie
camera, while Figure 2b is representative of the results ob­
tainable. The Cinema-Beaulieu* camera in this example was
chosen because it uniquely combines the features required
of an in trumentation-grade camera, inclUding provision
for the addition of the required synchronizer for strobe use.

In the graphic arts industry, stroboscopes playa vital role
in maintaining printing quality. Today's high-speed presses
print at the rate of 1000 feet per minute and faster. At these
speeds, it is very important that any printing degradation,
such as misregister or misalignment, be caught and corrected
as soon as possible in order to minimize paper spoilage. This is
particularly true when material such as computer business
forms, labels, and recorder chart paper is printed on continu­
ous paper strip. Tearing samples from a roll often is out of the
question - even locating the fault is difficult because there is
no way of determining how far into the roll the trouble may
have gone. But, through the use of stroboscopy, printers are
cutting operating costs drastically.

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

The modular construction of the GR 1540 makes it well
suited to use on presses where the lamp head, operator
controls, and power supply must be separated. Paper stretch
and shrinkage during continuous printing also can be monit­
ored with a stroboscope. A scale is permanently secured near
the edge of the web so that reference can be made to some
periodic printed mark on the paper. A reading of the scale is
made with a strobe during press make-ready operations. The
location of the printed mark with respect to the scale is then a
fixed reference for proper operating conditions. This refer­
ence is viewed stroboscopically during the print run. If any
deviation occurs, the press man knows immediately by how

15«)..11

CINEMA BEAULIEU
MOVIE CAMERAa.

b.

Figure 2. Study of a wood bit drilling
an unsecured plastic block. Strobo­
scope and conventional movie cam­
era uses camera/flash rate of B per
second to view bit rotating at 2000
rpm. Apparent slow rotation is a·
chieved by gradual increase of flash
delay-control setting. Note that the
15-ps effective shutter speed pro­
duces the required sharpness of sub­
ject to permit detailed examination
of individual frames.

,.. S EEMONITn'O,I\,'r.!
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much, and whether it i stretch or shrinkage, and can make
any required paper-roll ten ioning adjustment.

The high light-output levels from the GR 1540 not only
make troboscopic viewing practical under normal ambient
light conditions but permit .. ee-through" inspection of
many paper stock when both side are printed and front-to­
back registration must be maintained.

There are many other trouble that are monitored trobo-
copically in printing operations: color register, location and

quality of perforations, punched and die-cut holes, quality
of over-all printing. 00 "mushy" an impre ion would in­
di ate perhaps too light a pressure or possible trouble in
the inking fountains. A blooming or compre ing effect at
the ends of printed line would indicate paper mi align­
ment. Hickie would indicate water potting, and dot break
up in half-tone areas would indicate printing cylinder
wear. We are sure that the printer for the Experimenter i
noting the e point a the pre ses roll!

There are several new features in the GR Strobolume to
extend its flexibility to both experimenters and photo­
grapher .

Mechanical adjustment of the lamp-reflector combination
produce either a narrow or broap light beam for uch diverse
projects as viewing the wide web of an operating printing
pre by means of a narrow, horizontal beam or photo­
graphing a large moving ubject by means of the normal
rectangular beam pattern.

Th desire for illumination levels well above tho e of the
GR 1531 trobotaC® electroni trobo ope ha re ulted in
unique de ign solutions. A photographer generally require
the highe t possible light per flash, which is proportional to
the energy in Joules or watt- e onds di charged through the
lamp. Visual intensity, on the other hand, is approximately
equal to the lamp input energy per fla h multiplied by the
rate at which the lamp flashes.

To atisfy both application requires a high order of heat
di ipation from the trobe lamp. The Xenon-filled lamp
upplied with the trobolume i an efficient converter of

electrical energy to light and is protected from overheating by
an electronic governor that prevent driving the lamp at rates
in exces of the maximum allowable for the corresponding
intensity ettings. In addition, the quartz envelope of the
lamp i forced-air cooled to with tand afely the high locally
developed temperatures, thus permitting continuous opera­
tion at any fla h rate up to 25,000 per minute.

The pectral output of a quartz-envelope Xenon lamp
extend from the near ultraviolet, through the vi ible, and
into the near infrared light regions. The GR 1540 is thus an
excellent ource of pulsed ultraviolet and infrared light when
these normally invisible wavelength are required, such as for
detecting fluorescent ink registration mark on printing
pre es. A pIa tic faceplate normally cover the reflector and
absorbs the ultraviolet light, to prevent pos ible eye irritation
from prolonged expo ure.

Light output is approximately twenty times greater than
that of the familiar GR 1531 trobotac under continuous
operating condition. It may be increa ed, at lower flash
rate, by u ing a boo ter capacitor.

• Three control unit presently are available to satisfy a wide
variety of applications. Their modular construction permits
operating flexibility and provides features required for a
particular application at minimum cost; equally important, it
permits future expan ion a needs dictate.

C. E. Miller was graduated from Yale Univer­
sity in 1960 with a B. Eng. degree and
received his MS degree from Massachusetts
Institute of Technology in 1966. He joined
General Radio in 1960 and is an engineer in
the Component and Network Testing Group.
He is a member of IEEE. ADA. ATI. SPSE.
and holds a patent for a constant offset
frequency-generating device to produce
slow-motion images.

URTHER El T

Mo t applications for strobe light fall, very broadly, into
three ategories: speed mea urement, motion analy is, and
photography. Only a few pecific cases have been covered
here, but a compr hensive coverage is contained in two GR
publications:

Handbook ofHigh-Speed Photography ( 1.00 U.S.)
Handbook ofStroboscopy (2.00 .S.)

Readers will find both books to be of great value in their
respective fields. In addition, a free sub cription to a GR
periodical, Strobotactics, is available upon request. This
publication contains description of new and interesting
applications, as well a other information of interest to users
of stroboscopic equipment. -C. . Miller

Complete specifications for the GR 1540 are available on the
catalog page, included as a tear sheet inside the back coyer of this
issue. removable for insertion in GR Catalog T.

A FE
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A STANDARD-SIGNAL GENERATOR
IMPROVES ITS VERSATILITY

Most standard-signal generator do
not provide adequate sweep capabil­
itie . On the other hand, sweep-signal
generators lack both short- and long­
term stability in the cw mode and ar
therefore of little value in critical
point-by-point tests. To meet the in­
creasingly stringent requirements for
both sweep and point-by-point testing
of high-frequency networks up to 80
MHz, Gen ral Radio has made available
everal new models of the well­

established GR 1003 Standard-Signal
Generator.1

Redesign of the auto-control model
of the GR 1003 includes a permanent­
magnet dc-motor drive with electronic
speed control and a second horizontal-
w ep output voltage at high level

(l V/l % b.f) to facilitate the display of
narrow-band frequency sweeps. The
original rf circuit design remains intact,
with its high (I ppm/l 0 min) carrier­
frequency tability and with no n ed
for a re tabilization period following
range changes.

The carrier-level-meter voltage scales
are now calibrated in terms of voltage
across a matched 50-ohm termination.
Thi conforms to the Current trend,
described in thi is ue of the Exper­
imenter, page 12; earlier models were
calibrated in "volts behind" the 50-
ource re i tance. If de ired, "volt

behind" can be obtained by multiplying
the meter readings by 2.

he GR 1003 i an excellent
instrument for measurement of very
elective high-frequency networks by

either weep or point-by-point tech­
nique . The slow-speed sweep, in con­
junction with a storage 0 cillo ope dis­
play, is u eful for measurement of
pa -band characteristics. Two model
include an internal crystal calibrator

that provides frequency marker at 1
MHz, 200 kHz, and 50 kHz for
accurately defining pecific point of a
display_ The high-output capability is
free of spurious non-harmonic signals.
A highly stable cw signal is available for
frequency measurements at specific
value of attenuation, on steep slopes of
re ponse curve. Repeatability of the
frequency-dial setting i as ured by
the typical low-frequency drift rate
(I ppm/l 0 min· residual fm < 3 Hz).
An auxiliary rf ou tpu t jack on the GR
1003 provide a convenient monitor
point for a frequency counter, such as
the GR 1191 or 1192.

Capabilities and feature of the new
auto-control model generator include:

Operation between two front­
panel-controlled limit, at continuous­
ly-adjustable rate, from b.f/f ranges of
0.05%/ to 5%/s. Return sweep is fast
and blanks out the rf output.

Sweep width with motor drive,
varying from 0.2% to over a full octave,
provide good transitions to the elec­
tronic sweep limits_

Availability of large sweep voltages,
even with narrow weeps.

DISPLACEMENT
1000 PPM = 5 kHz

Direct correlation between the weep
voltage and the frequency dial, which is
calibrated to 0.25% Limit of error, pro­
vides a logarithmic display with
constant-percentage re olution for wide
sweeps. weep end point can be de­
termined directly from the corres­
ponding main frequency-dial readings.

Voltage versu frequency is essen­
tially linear in narrow-band (~ 4%
sweep width) frequency applications,
permitting linear interpolation between
the e tablished limits_ (Di play devices
usually have horizontal-axi calibra­
tions in volt per graticule divi ion,
thereby permitting direct conversion of
the generator's IV/l %b.f change into
hertz.)

Very narrow weep width can be
accurately calibrated by u e of two
different settings of the calibrated b.F/
control on uccessive sweeps (Figure 1)_

he pattern off et provides direct cal­
ibration of the horizontal sweep,
measured in parts per million, by taking
the difference of the two b.F/F settings.

Tuning by means of the coarse motor
drive can be accomplished at any
convenient speed_

FILTER Fa =5 MHz

FILTER BW =0.1 %

SWEEP BW "" 0.5 %

SWEEP RATE =0.5 % Is =25 kHz Is

1003-30

IAJlenbach, R., "The 1003 Standard-Signal
Generator," GR Experimenter, July-August
1967.

SEPTEMBER/OCTOBER 1969

Figure 1. Successive-sweep technique as applied to calibra­
tion of very narrow sweep ranges.
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Figure 2. Engineer R. Altenbach adjusts auto-control model of GR 1003.

Panel indicator lamp how the posi­
tion of the weep limit relative to the
instantaneous tuning po ition, in the
normal tuning mode. Thi directional
feature greatly implifie the initial
set-up procedure.

Programmable tuning with a posi­
tioning accuracy of 0.1% automat­
ically seeks the programmed frequency
at high speed.

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

Cry tal-controlled markers (birdies),
generated within two model of the
instrument, can be displayed in either
sweep mode. he markers can be
witched to spacings as clo e as 50 kHz.

The basic weep drive functions in
a manner similar to that of the original
design! with some additions. The

The Honorable Society

ARROWBA D SW' P VOLTAG
control mechanically engages a separate
sweep potentiometer that provides
b tter resolution and higher sweep
voltage. In the WID BA D mode, the
sweep voltage is derived from the analog
output through an electrical centering
circuit. This allows expan ion of the
horizontal sweep display for optimum
resolution, without re mction of the
expansion by the oscilloscope centering
control.

A useful relationship between
maximum permissible sweep rate
(SR max ) and steepness of the selec­
tivity characteristic to be measured is
expressed:

SRmax :::::: p (6/6 dB)2,

in which SR max i expressed in Hz/s,
6/6dB is the change in Hz for a 6-dB
change in response at the steepe t part
of the respon e slope, and p is a
constant whose value is of the order of
unity.

As a practical example, consider a
9-MHz cry tal filter with a 6-dB band­
width of 2 kHz. Thi filter exhibit a
maximum selectivity slope of approxi­
mately 100 Hz/6 dB. Maximum sweep
rate is calculated to be 10 kHz/s or 0.1 %
at the 9-MHz center frequency.

Engineering development of this
instrument wa by R. K. Altenbach,
Engineer ignal Generator Group.

Performance changes for the new GR 1003
are noted on the tear sheet included with this
issue.

l/bid.

A recent notice from the National Academy of Engineer­
ing announced the appointment of Dr. D. B. Sinclair as
member of the eronautics and Space ngineering Board of
the a ademy. Dr. Sinclair wa elected to membership in the
academy in 1965. Recognition for contributions made to the
In titute of Electrical and lectronics Engineers a President
also wa accorded Dr. Sinclair in the form of a specially
designed Past President' pin, awarded at the I E annual
banquet in ew York, March 25,1969.

D. B. Sinclair
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Notes on FM Distortion
In Varactor-Modulated Oscillators

Con ider the basic resonant circuit shown in Figure I, with
an inductance L, a fixed capacitance Co, and a voltage­
controlled capacitor Cv . The variable Cv is often made up of 2
varactors connected back to back to reduce rf di tortion.
However, this has no bearing on the modulation character­
Istic.

Becau e of the nonlinear varactor characteristic both
modulation sensitivity and di tortion term are dependent on
the operating bia Vo and on the ratio p of the fixed Co to the
variable Cv . An analysis of this situation was made to
compute the di tortion terms and to determine the most
favorable op rating conditions. The frequency-modulation
characteri tic is shown with exaggerated curvature in Figure
2. The results are pre ented here and also in a graph (Figure
3), showing only econd-order effects, namely carrier­
frequency shifts and second-harmonic distortion of the
de ired frequency deviation. Third-order effects are generally
one or more orders of magnitude lower.

The varactor is characterized by the relation hip

where C1 = capacitance at I-V effective bia, i.e., 0.4 V
applied bias in addition to the 0.6-V contact potential of a
silicon device, and

V =effective bia voltage = tP + E
tP = contact potential, typically 0.6 V for ilicon
E = applied bias voltage
n = coefficient of varactor law.

Based on the resonant condition

C1 C1
C =-=---

v vn (tP + E)n

Co c ...
OK'''/

Figure 1. Schematic of basic resonant circuit.

(I)

F

_1- = L (C + r)
2 0 '"'v

W

and the series expansion

w"
w =W +'b,w + -- (b,w )2

o m 2(W')2 m

the following terms were derived:

OK-F~2

(2)

(3)

SEPTEMBER/OCTOBER 1969

Figure 2. Frequency-modulation characteristic
(exaggerated curvature).
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Figure 3. Second-order distortion effects.

(I) Modulation Sensitivity

When a modulating voltage Em is applied uperimposed on
an effective dc bias Vo, the resulting frequency deviation can
be expressed in a normalized form by

Obviously the largest modulation sensitivity occurs with the
lowe t bias and when the varactor repre ents the only
capacitance in the circuit. Because of unavoidable stray
capacitances, this condition can never be quite reached.

where f:::.Fm = peak frequency deviation
F 0 = carrier frequency

p = the capacitance ra io at the operating point Vo,

Co Co 'I

=-=-VCv C1 0
o

(5)

f:::.Fm /Fo n
8m =---

Em/Vo 2(1 + p)
(4)

(2) Second-Harmonic Di tortion

The coefficient K 2 is the ratio of the second harmonic to
the fundamental of the frequency deviation. When K 2 is
normalized to the fractional deviation f:::.Fm/F0' we get the
relation

f:::.Fm
K2 =Q-­

Fo

The function Q is hown mathematically and in graphic form
in Figure 2 for various values of nand p. Distortion decreases
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with larger n and with lower fixed capacitance Co' A
hyper-abrupt junction-type varactor with n = 2 could make
the distortion vanish in the absence of Co'

With the more generally used varactors, for which n < 2,
the inherent di tortion cannot be reduced below a minimum
value.

(3) Carrier Shift with Modulation

The same factor K 2 also de cribes the carrier hift Me in a
normalized form

The relative shift in terms of the peak deviation i the arne
a the second-harmonic distortion.

(4) Third-Harmonic Distortion

Generally third-order effects are one or two orders of
magnitude lower than second-order term. For reference the
term for the third-harmonic di tortion is included here:

with 13 = ~J (n + 1) (n + 2) (I + p)2

61 n
2

[
n +1 1])-3 -n-(l+P)-f

R. K. Altenbach is a graduate of the Technical
University of Karlsruhe (Dipl Ingr. Electrical
Engineering and Communications. 1948)
who held technical positions with Siemens &
Halske, Canadian Marconi, Hermes/ltek, and
Raytheon. He joined General Radio in 1963
and presently is an engineer in the Signal
Generator Group. He is a member of IEEE
and also served on EIA Committee TR14.

graph a value of P = 7.3 for an abrupt junction-type varactor,
i.e., the fixed capactiance Co should not exceed 7.3 times the
varactor capacitance C II .

If lowest distortion is a main criterion, three condition
should be met simultaneously

u e of high-n varactors
-operation at lowest po ible bias
-maintenance of the fixed capacitance Co at a minimum.

For I % distortion, the percentage frequency deviation is
limited to (l/et)%, which i typically 1% or Ie s deviation.

The second condition also correspond to operating with
maximum modulation ensitivity.

88 MHz 75 kHz 0.01

et p

11.7 7.3

Capacitance

fixed variable total

Use of the Graph

Let us take an example to illustrate the use of the graph.
Assume an oscillator in the fm broadca t band 8 to 108

MHz. uppose we want frequency modulation with 75-kHz
peak deviation and I% distortion or Ie s. How much fixed
capacitance can we tolerate?

The distortion is largest when the perce~tage deviation is
largest, which occurs at the lowest carrier frequency (88
MHz). There, 1% distortion (K2 = 0.0 I) make et = 0.0 1 x
88/0.075 = 11.7. For this value of et we can read from the

SEPTEMBER/OCTOBER 1969

If the arne circuit were to be operated at the high end (108
MHz) of the band, we could reduce L to 2/3 of the value at 88
MHz and keep the same capacitances. P and et remain
unchanged, and the distortion would be slightly reduced.

M 0.075
K2 =r- et=108 X lI.7=0.008l20rO.8l%

Je

The carrier shift with modulation would also be 1% or 0.81 %
of the frequency deviation, i.e., 0.75 kHz at the low end, 0.61
kHz at the high end.

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

years by the exi tence of two competing method of output
voltage calibration for standard-signal generators namely the
emf or open-circuit or "volt behind" calibration and the
matched output or "volts across" calibration.

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

The ource voltage Es is only available at the generator
output terminals for a no-load or "open-circuit" condition. It
can be shown that, for a lossless transmi sion line, the load
voltage EL is related t the source voltageEs a follows:

Equation (2) except for an additional pha e shift between ES
and EL due to the presence of the line. Thus, for Zs =Zo, the
magnitude of the open-circuit voltage at the output end of
the transmission line i the arne 1Esl that would exist in the
absence of any transmission line and is of course independent
of line length. The result i that the magnitude of EL depends
olely on ZL and not on some special conspiracy which may

or may not provide a conjugate match with a complex Zs-
For the special case of a purely re istive source Zs =RS

and ZL = Zo = R s we have a c mpletely matched system
who e equivalent circuit is shown in Figure 2a. The generator
now delivers to the load the maximum power of which it is
capable- thi is called th available power, PA v- Defining

LM to be the load voltage under this matched condition, we
have:

(3)

(I)

51G GEN·I

Figure 1. Basic cal ibration elements.

(4)

PA V is usually measured in milliwatt, and generally calibra­
ted in decibels relative to a one-milliwatt reference (dBm).
ELM is the value which i calibrated in the "volt a ross'
ystem, whereas Es is the value calibrat d in the emf or' volts

behind" system.

t Sa

The rivalry between calibration systems has historic roots
in the meeting, in the vhf region, of an upward-bound
low-frequency technology which was for many years open­
circuit-voltage oriented, and of a downward-moving micro­
wave technology, which was based on power measurement
in closed transmission lines of well-controlled impedance. At
one time, low-frequency receivers commonly had high­
impedance inputs designed for direct onnection to the end
of a capacitive antenna or to a high impedance open-wire line.
Early lower-frequency signal generators had output im­
pedances which were typically Ie s than 10 ohms, so that
their open-circuit output was also es entially the terminal
voltage for receivers whose input impedance was u ually
many times higher. These older hf signal generators were
generally calibrated in terms of their open-circuit output
voltage, and their output-impedance specification were
often rather vague. On the other hand, the ba ic output
calibration of even early microwave signal generators wa in

(2)

where Zs = source impedance
Zo = characteristic impedance of line
ZL = load impedance
(3 =phase constant of line
Q = length of line

In general, either Zs, or ZL, or both, may be frequency
dependent complex quantitie , so the calculation is not
trivial. The situation is considerably simplified if the trans­
mission line is omitted. Letting Q=0, Equation (I) reduces
to:

In some ways more interesting is the observati n that, when
Zs i chosen to be equal to Zo, Equation (I) again reduce to
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terms of available power, expre ed in dBm. The output
impedance characteristics were generally pecified even when
they departed markedly from the ideal. These instrument
al 0 carried voltage scales, frequently on a matched-voltage
basis (Equation 3) for which the conversion to available
power by Equation 4 was obvious. Some microwave genera­
tor, such as the GR 10_ 1 eries, carried open-circuit voltage
scales and dBm cales. In either event, available power was a
reasonable basi for calibration of microwave receiver ensi­
tivity because impedance matching to obtain optimum power
transfer was facilitated by early standardization on a 50-ohm
characteristic impedance for coaxial transmission lines.

With the passage of years, most lower-frequency, open­
wire, high-impedance inputs have given way to shielded
coaxial circuits designed around 50-ohm or 75-ohm imped­
ance levels, and high-frequency ignal-generator ource im­
pedances have been standardized at the e same levels. At the
same time, dBm scale have become widely accepted on hf
signal generator as well a on microwave instruments. n­
fortunately, there has never been atisfactory standardization
of the method of output-voltage calibration; orne hf and vhf
signal generators are calibrated in terms of emf or open­
circuit voltage, and others in terms of matched output
voltage. The emf practice has remained prevalent in urope,
while the matched-output practice has been mo t common
on generators pecified and procured by the U.S. Department

of Defense; these procurements have had a major infiuence
on calibration practices for commercial units as well.

Since both types of signal-generator-voltage calibration
have existed in the U.S., the jargon of "hard" and "easy"
microvolts ha arisen among receiver designers. he term
"hard" :nicrovolts applies to the sen itivity measured by a
generator with open-circuit calibration. This is because good
ensitivity implies a mall number of microvolts, clearly more

difficult to achieve with this type of calibration. onve ely,
sensitivities measured directly without correction, by u e of a
generator with matched-output voltage calibration, became
known as "easy" microvolts. Most receiver te t specifications
require the use of "hard" microvolt, and the test procedure
for use with matched-output generators call for insertion of a
6-dB pad at the generator output. The open-circuit voltage at
the output of the pad i ELM (Figure 2b) equal to the
calibrated output voltage of the matched generator (Figure
2c). Thus the matched-output generator calibration can be
read directly in cases where open-circuit values are desired.
Direct reading of the dBm cale of a matched ignal generator
(without the extra 6-dB pad) gives a good measure of
ensitivity for modem communication and navigation receiv­

ers that are designed for use with weB-matched antenna and
transmission lines. If the receiver input SWR is high so that it
fails to accept the power available from the ignal generator
the measured ensitivity suffers ju t as it would in practice
when driven from a well-matched antenna_ Since the dBm
method of specification avoids the po ible confusion of

LOSSLESS
TRANSMISSION
LINE. I o " ~O n

RL " 50n-, R."50n I
RL"50n -R."50n
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a. b.
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,--------,
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Figure. 2. (a) Basic transmission system relationships; as modified
(b) by insertion of 6.<:JB pad and (cl by addition of matching load.
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Figure 3. Old and new meter scales for GR 1003.

G. P. McCouchjoined General Radio in 1957,
after working with the Harvard Radio
Research Laboratory and Aircraft Radio
Corporation. After receiving his AB in
Physics from Harvard in 1941, he returned as
a teaching fellow in 1947-48, toworl< toward
his AM (1948). Presently he is Section Leader
of the RF Oscillator Section. He is a senior
member of IEEE and has held several offices
in IEEE.

matched output or "volts-aero -50-ohms" calibration; the
older emf calibration is only available on special order. The
dBm scales are, of course, unchanged. The meter cales are
clearly marked to identify the new calibration and instruct
the user to multiply by 2 for open-circuit volt. Alternatively,
the user can add a 6-dB pad uch as the GR 874-G6L to the
output of the generator, thereby reducing it output by 2: I,
so tha t the meter reads open-circuit voltage directly. The old
and new meter scales for the GR 1003 Standard-Signal
Generator are shown in Figure 3.

MATCHED-VOLTAGE
CALI BRATION

SIC GEN-S

OPEN-CIRCUIT OR
EMF CALIBRATION

"hard" versus "easy" microvolts, it should be encouraged.
everthele , many sensitivity pecifications still call for

voltage calibrations and one of the two types is generally
provided on standard-signal generators.

For many years General Radio ha supplied emf or
open-circuit voltage calibrations. This is, in fact, the mea ­
ured quantity at the monitoring or leveling point in most hf
and vhf signal generators. Sensitivity measurements made
with these calibration correspond directly to the generally
accepted "hard" microvolt type of specification. Calibration
by use of open-circuit voltage is attractive for mea urements
on networks because this voltage is the effective Thevenin
source voltage, independent of the length of line used to
connect the generator to the network. There is the added
advantage that the calibration remain unchanged if the
signal-generator output impedance is increased from 50 to 75
ohms by the addition of a 25-ohm series re istor, but, of
course, the dBm calibrations would no longer apply. In
today's age of specialization, any given organization is u ually
clearly oriented to either a 50-ohm or to a 75-ohm sy tern.
The 75-ohrn sy tern user prefers to buy a generator with
con istent scale calibrations for his chosen impedance level.
Thus, although for many applications open-circuit-voltage
calibration appears logically attractive, increasingly wide­
spread acceptance of matched-voltage calibration has led
many of our customers to urge us to convert to the "volts­
across" type of calibration.

r

The original mechanical design of the output-attenuator
dial mechanism in the GR 1003 and I 026 generators made
conversion from one calibration system to the other uneco­
nomic. ew design features, however, have recently been
introduced which allow us to change over quite readily.
Current production of these two instruments now carrie

-G. P. McCouch
For Further Information

Peterson, A. P. G.. "Output Systems of Signal Generators," General
Radio Experimenter, June 1946.

Moore, W. C., "Signal Generator and Receiver Impedance," Boonton
Radio Corp. The Notebook, No.3, Fall 1954.

Woods, D., "The Concept of Equivalent Source EMF and Equivalent
Power in Signal Generator Calibration, "Proceedings of the Institu­
tion of Electrical Engineers, Part B, Paper 3356M, January 1961.

Recent Technical Articles by GR Personnel
" omputer-Controlled On-Line Te ting and In pection," P.
H. Goebel 1969 Wescon Techn~cal Papers - Session 8. *

"True RMS - The Digital Approach," LA. Lapointe, pre­
sented at the 77th Meeting of the Society of America, April
1969.**

"Versatile High-Speed One- hird Octave Band Analyzer," W.
R. Kundert, presented at the 77th Meeting of the Acoustical
Society of America, April J969. **

-Reprints available from General Radio.
--Included in article "New·Generation Acoustical Analyzer."
GR Experimenter. May fJ une J969.
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Damping Measurements of Resonance Bars
Re earchers at otre Dame University have approached

the study of material damping capacity from the beginning,
rather than the end. One of the most common procedures for
measuring the internal friction of material is the resonance­
bar technique, wherein a sample of the material to be studied
i cut to the proper dimension for resonance at some desired
frequency in orne specific mode of vibration. Damping is
determined either with th pecimen at resonan e OJ in free
decay from resonance. Dr. . F. Fiore and R. M. Brach of

otre Dame have ucce sfully developed a third variation of
the technique in which the damping i. determined by the
relaxation time (7b), characterizing the rate at which the
ystem builds-up to steady-state rc onance vibration.

A di advantage of both the teady- tate and free-decay
mea urement approaches i the necessity to bring the rna ter­
ial ample to teady- tate re onance beforc the damping can
be determined. In this circumstance, rapid physical change
can be taking place within the ample and be 10 t to the
observer, because of the comparatively long time required to
reach resonance and to begin serious observations. The
approach described here permits the researcher to measure
the damping decrement in thou andths of a second while the
material sample is vibrated from rest to steady-state reso­
nance.

The time taken by the vibration of a pecimen, under
teady- tate re onance conditions, to decay to e-· of it

maximum or teady- tate amplitude, after removal of the
driving force, is de ignated as 7d . The damping decrement 5
i calculated from the relation hip

in whichfr i the resonance frequency in hertz.
onversely, the time (7b) for thc amplitude of the driven

y tern to reach I - e- I of its steady- tatc value is approxi-

mately equal to 7d. From this relationship the damping
decrement can be redefined as

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

At steady- tatc condition, the decrement can be defined as

in which fr is the resonance frequency and II and h are the
frequencies at which the magnitUde of vibration is 0.707 that
at re onance.

The otre Dame researchers first derived the mathemat­
ical relation hip between the two method, as described in
the Journal of the Acoustical Society of A merica, I and then
confirmed their calculations in a series of resonant-bar
experiment. They used a Marx composite piezoel ctric
oscillator in which the input to the system is directly
proportional to the input voltage across the driving tran ­
ducer and the decrement is inversely proportional to the
output voltage acro a gaging transducer.

The circuit (Figure I) used by Dr. Fiore and Brach
employs two GR in truments, the GR l162-A7C oherent
Decade Frequency Synthe izer and the GR 1396-B Tone­
Burst Generator. The ynthe izer generates a resonant fre­
quency, at a controlled voltage, which feeds the tone-burst
generator. The generator puts out a controlled pul e that

1Fiore, . F. a:ld Brach, R. M., "Re onance-Bar Damping Measure·
ments by the Rtsonance Build-up Technique." Joumal of rhe Acous·
tical Society ofA mer;ca (in press).

GR 116Z-A7C

FREQUENCY
SYNTHESIZER

SEPTEMBER/OCTOBER 1969

GR 1396B

TONE-BURST
GENERATOR

Figure 1. Block/schematicdiagram
of test equipment for

resonance-bars experiments.

I)IilEB·19
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energizes the driver crystal; the vibrational magnitude in­
crease from zero to the steady-state value. Re onance
buildup is monitored on a storage oscilloscope, which dis­
play the gage crystal output.

The method de cribed above is unique in that it allows one
to have his cake and to eat it too. As long as the pul e duration
exceeds Tb, the decrement can be determined directly from
the relaxation time. When the pul e ends, the sample-rod
driving force is zero; the vibrations and the gage- ignaloutput
decay to zero. From the oscilloscope display it is possible to
obtain as many as three measurements of the decrement li.
During the time from re t to steady state at resonance the
decrement is defined by the build-up relation time Tb' At
teady state, li is inversely proportional to the steady state

amplitude. During the time from steady tate to re t, li is
defined by Td. If high-speed measurement are required, the
pul e duration can be made less than Td; then Tb can be
derived by fitting an expotential curve to the approach
envelope a displayed on the 0 cilloscope.

Figure 2 hows the oscillo cope trace for the quartz
crystals alone, when driven by a O.3-second burst in the
longitudinal mode, at 50 kHz, and with constant applied

Table 1

li li li
Condition Buildup Free Decay Steady State

Marx Oscillator 4.4 x 104 3.9 x 104 3.6 x 104

Marx plus
2.4 2.5 8.1 x 10-3 7.9 x 10-3 8.4 x 10-3

Cu Crystal

voltage of 1.8 V rms. Values for characteristic times, taken
directly from the figure, give Tb = 44 ms and Td = 49 ms.
Values of the decrement as calculated for the three variation
of the re onance-bar mea urement technique are shown in
Table I.

Figure 3 shows the change in respon e brought about by
mounting an annealed (111) copper single crystal upon the
drive crystal and maintaining the applied voltage at 1.8 V rms.

Figure 2. Oscilloscope picture of
quartz-<:rystal response to 500kHz burst (0.3 s)

in longitudinal mode.

Dr. N. F. Fiore (left) is Associate Professor
and Chairman, Department of Melal Engi­
neering and Materials Science, University of
Notre Dame. He is a graduate of Carnegie
Institute of Technology and holds degrees of
BS, MS and PhD in Metallurgical Engineering.

Dr. R. M. Brach (right) is Associate Professor,
Department of Aerospace and Mech nical
Engineering, University of Notre Dame. He
holds degrees of BS and MS from the Illinois
Institute of Technology and received his PhD
in Engineering Mechanics from the University
of Wisconsin.

The large increase in damping cau es rapid attainment of
steady-state resonance and rapid decay to zero after comple­
tion of the tone burst. Calculated value for the decrement,
derived by the three variation in technique, are shown in
Table I.

,==___ II II I
- ;

U, !

i

i

I

Figure 3. Change in response of quartz crystal
by addition of annealed copper single crystal.
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Reports from the Field

FROM THE FAR NORTH

The Kongsfjord Telemetry Station in Spitzbergen, Nor­
way operates as an observation and data-eollection point for
the European pace Research Organization ( SRO) in addi­
tion to handling its routine tasks for the orwegian govern­
ment. Engineer Bjorn Myrstad reports that the GR 1163-A4
Coherent Decade Frequency Synthesizer is an integral part of
the station's system. It supplies I OO-kHz signals for modula­
tion of a test generator and controls three other signals - the
telemetry transmitter's second and first local-oscillator fre­
quencies and a test-generator operating frequency.

ESRO i geared for an extensive satellite launch program.
Six satellites are scheduled for launch in the next six years, to
participate in scientific experiments including cosmic-ray
studies. The la t sat llite is scheduled for launch into a
stationary orbit and will contain ten experiments controlled
by everal uropean countries.

The photograph contributed by Mr. Myrstad shows the
GR ynthesizer, upper right, part of the station's system
supplied by the Sud Aviation ompany.

1310-8 Oscillator (Specify 115-,220-, $275.00
or 230-V line operation)

Complete conversion of the GR 1310-B Oscillator to
solid-state circuitry has not altered the outer appearance of
this familiar oscillator. It has, however, enabled GR to lower
the price, making the instrument even more attractive to
users.

pecifications for the GR 131 Q-B are the same as for the
GR l310-A in GR catalog T, except for accuracy (± 3% of
setting) and price.

SEPTEMBER/OCTOBER 1969

Catalog
Number

1310-9702

1560-9695

0480-9838

Description

1560-P95 Adaptor Cable

480-P308 Rack-Adaptor Set

All prices subject to quantity discount.

Price
in USA

3.00

10.00
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In the lead article of this Experimenter
we have taken issue with a view held by
many people - that computers are intelli­
gent. The article is presented with the hope
that the aura that surrounds computers, in
general. will be reduced and that computers
will be accorded the respect due them, but
only to the extent that it is deserved.

If. however, computers are more wily than
we are prepared to admit. we hasten to draw
attention to our cover. By assigning to a
computer the slight human frailty of re­
peating itself, and also attributing to it asmall
sense of human kindness, we have made it
serve our purpose. For. unlike our elfin opera­
tor. who forgot what season of the year it is,
our computer has "remembered" and stirred

itself to speak for all of us at General Radio.
To all our readers. wherever you are. we

sincerely hope you will join with us in this
special season, to count our blessings and to
give thanks for all that is good. We wish you.
one and all, "SEASONS GREETINGS."

C. E. White
Editor



Why Computers In Measurement Systems?
"Computers are smart'?"* is a question raised quite often

even by people who have knowledge of, access to, or control
of computer. Of course computers aren't smart - they are
clever tools that reflect the intellect of the special group of
people who have wedded themselves to these machines. For
the pa t two decades, many in this special group have devoted
them elves to the specific task of forging an alliance of
computers, humans, and measurement instruments.

Just why should all this effort be expended in this
direction'? Well, first let's review some of the advantages and
disadvantages of the simple combination of measuring instru­
ment and operator. The operator's mind is able to grasp the
significance of da ta derived from the instrument, to recognize
patterns in the observed test data, and to react in the
appropriate and positive manner. All this can be done, but
not for any prolonged interval of time, and not very fast.
Fatigue sets in, the operator's mind is less responsive to
signals, and the operator's usefullness deteriorates rapidly.
On the other hand, a computer is not susceptible to fatique
(exclusive of electronic or mechanical deterioration). Prop­
erly programmed, the computer can perform all the above
functions - faster!

But even with its ability to store all the knowledge derived
by the operator from training and experience, the computer
is merely an electromechanical slave, incapable of thinking,
analyzing, and reacting to a problem for which we have not
supplied instructions. Why then is it so important to utilize
the services of the computer? Let's look at a few specific

advantages of the combination of computer, operator, and
measuring instrument:
• Instrument operation can be faster.

• More data can be derived in a given time interval.

• Comparisons of derived data with built-in reference stand­
ard , tolerances, or specifications are quicker by orders of
magnitude.
• Provided bilateral interfacing has been built into the
system, the operator maintains strict control of test opera­
tions.

• Systematic errors due to operator bias are eliminated.

• Test data can be displayed automatically in any of several
forms - paper or magnetic tape, punched cards, line printers
or teletypewriters, automatic graphic recorders or X-Y plot­
ters, etc.

The advantages inherent in compatible mterfacing be­
tween the units of the combination are more apparent as we
trace the growth in complexity of measurements and realize
the need to perform and interpret measurements more
quickly.

Measurement Systems are COMPLEX!
Development of manual-measurement technique has

progressed from single-point measurement of simple param­
eters to swept measurements with automatic readout and
• According to Hughes Aircraft publication Vector (First Quarter
1969), "The Credentials of any machine that believes 1 + 1 = 10 are
suspect...
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Figure 1. A few of many arrangements
for instrument-eomputer-operator inter­
faces.
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data displays followed byanalysi of the e data by compar­
ison with recorded standard performance data. The com­
plexity of the latter technique is sufficient to overtax the
ability of an operator.

As mea urement techniques have evolved there has been a
metam rphosis in the systems and techniques of recording
and applying measurement data. The simple inspection data
sheet that displayed a measurement re ult vi -a-vis a reference
standard, and alerted an operator to make a quality evalua­
tion to accept or reject the inspected item, has now changed
into the automatic visual presentation and analysis of data. In
such a y tern, units tested are automatically accepted or
rejected adjusted from out-of-tolerance condition to within
tolerance (if feasible), or the computer may alter the test
sequencing for further analy i or action. For specific ap­
plications, the interfaces can be unilateral or bilateral 1 and in
any number of arrangement, some of which are shown in
Figure I.

At this point it would be wi e to define two terms
prevalent in the work of coupling computers, instrum nts,
and operators. Computer-assisted refers to the general case of
the combination of computer and in trument sy tern in
which the computer does not cerci e control of th te t
agenda, react passively to record data foranaly i ,and alerts
the operator to take certain action. The term computer­
controlled signifie both indirect and direct control by the
computer over the mea urement y tern and te t proce . The
computer assert authority over the measurement system by
transmitting command pulses to programmed measuring
equipment and control units. In each case, assist or control,
the computer memory has stored within it all the in truction
required to conduct the test program.

Programmable Instruments Don't Just Happen Along

M dern instrument de igners must consider problems
such as the e if they wi h to incorporate an in trument into a
programmed mea urement y t m:

Programming circuitry or units must not be usceptible
t sh ck, vibration, temperature, nois or any other
environmental condition that could give ri e to errors in
program ignal .

Very short time commands, of the order of nano­
seconds, could be delayed effectively by inadvertent
introduction of long-line connections.

Interfacing between units must be compatible physi­
cally, electrically, and mechanically.

nle these problem and others are solved, programming an
instrument does not necessarily make an instrument a better
one. Many measuring instrument but not all, are program­
mable.

Design of a practical computer-controlled measurement
sy tern wa outlined by M. L. Fichtenbaum of General Radio
recently during a G R measurement seminar. 2 He approached
the problem in thi manner:

IBeatty, R. W., "Short Discussion of Error Reduction in Network­
Parameter Measurement Through Compttterized Automation," Prog­
ress ill Radio Science - 1966-1969, (Commission I Report) RSI
XVI th General Assembly, Ottawa, August J969_

2 Fichtenbaum, M. L., 'Computers in Instrument Systems," eneral
Radio Automatic-Impedance-Mea urement Seminar, May 1969 (un­
publi hed).

4

Evaluate the measurement requirements in term of
what can and cannot be done. A system proposal may call
for straightforward tasks; it may also demand measure­
ments that are impractical.

heck whether th re i available hardware to perform
the measurement function. Is it possible to modify
exi ting in truments, or to make measurements from
which the computer can calculate the required informa­
tion? What would be the cost of developing any special­
purpo e equipment?

Decide with the user on final system specification. It is
likely that the system designer does not know all abou t the
u er sneed; it is al 0 likely that the user does not know all
the y tern designer's limitations and capabilities.

Choo e a specific hardware configuration. With the
final instrumentation defined, the interface necessary to
tie the in truments to the computer can be designed.
Typically, an interface will consist of enough standard
modules to tran fer all neces ary data between computer
and instruments, plus one or two "special' modules to
perform function pecific to the system.

onsider the three main areas in oftware development.
Each instrument in the system has associated with it
program segments to control the instrument and to
tran late data between in trument and computer formats.
In most cases, the e "instrument module" programs can
be developed for u e with one instrument and used
essentially unchanged in all systems that.. use the instru­
ment. Each y tem wiJl have a unique 'main-line" pro­
gram to perform the test functions required. These include
the initial setup (of limit, range, etc), the sequence
through test configurations, and pre entation of data in
the proper form.

Diagno tic programs, both f r initial checkout of the
y tern and its components and as a maintenance aid for

malfunctions, mu t be written. The ability f the com­
puter to perf rm a preprogrammed elf-te t equence and
to interpret the results is a great aid when hardware
problems are to be isolated.

Final checkout of the system should attempt to imu­
late many po sible operating conditions. It i po ible that
errors in programming or marginal hardware will how up
only under pecial conditions; the checkout procedures
should be designed to cover as many varied set of
conditions as po sible.

It is important to educate the u er in the operation and
capabilities of the system. The complexity of a sy tem
containing a computer and the great variety of features
available with the computer as a system element require
tha t the user understand the system if he i to employ it to
it maximum capabilities.

In August, P. H. Goebel de cribed to an audience at
Wescon 3 a uccessful working combination of instrument,
operator and computer designed for u e in General Radio's
production program. We plan to have more information on
this development in a forthcoming i ue of the Experimenter.

300ebel, P. H., "Computer-Controlled On-Line Testing and Inspec­
tion," 1969 Wescon Technical Papers, Sessioll 8, August 19-22, 1969.
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Search for a Better Transformer
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Figure 3. Multi-conductor shielded-cable winding.

Figure 1. Simple design for 10:1 ratio transformer.

Figure 2. Use of cup cores for an improved design.

Figure 4. Flat-eonductor transformer-winding design.

·See page 6.

1 Burke, C. T., "Amplifier Ins and Outs," General Radio Exper­
imenter, June 1926.

Far back, in the comparative antiquity of June 1926,
General Radio was very much interested in the problems of
transformer design.! During the years that followed we
never relaxed our intere t, nor our desire to tell our readers
about what is considered good design.

Burke noted in 1926 the difficulty of de igning !atio
transformers for undi torted re ponse over extreme ranges
of frequency 100 to 5000 Hz! Among other things, he
demonstrated the importance of matching transformer
impedanc to the ignal ource and to the load. These
elementary problems are still with us.

A recent problem was to design a ratio transformer for
stable operation at I MHz and with low leakage impedance.
Why? Well - we knew that a transformer could provide an
excellent means of decade ranging for the new GR 1682
Automatic apacitance Bridge. * Since there did not appear
to be one available commercially, we continued our
research into methods and means of devising such a unit.

During several sessions with GR engineer Dick Sette, the
Experimenter editor was able to trace the progres made,
from the first round-table discussions, through the prelimi­
nary design stages, to the final production models of the
fini hed products. ote the u e of the plural term - the
final result wa not one but two device, each unique for its
own function in the capa itance bridge.

The problems, as presented by Sette, were to upply a
maximum stability to a wide range of mea urement at I
MHz and to achieve good accuracy at the U K OW
position 4 feet away. Thoughts of using computing amplifi­
ers were considered and then dropped because of co t and
state-of-the-art development.

It was considered necessary to u e different transformers
for each range, to overcome witching difficulties. With
transformers of 10: I ratio it was a simple task to reverse
windings, effecting a 10: I ratio of the standard for the
lowe t range and a I: 10 ratio for the highest range. The
greatest over-all range could be established at 100: I, by the
cascading of transformers, without sacrificing "accuracy"
capability of 1%. Past experiences of GR engineer Smiley,
Hersh, Holtje, Hall, and Fulks were drawn upon, and
con tructive ideas for a very low leakage-impedance de ign
were obtained. The design problem po ed was: how to
achieve maximum electrical coupling of one winding with
the other.

The first approach considered wa a toroidal core, bifilar
wound (Figure I), with a twisted II-wire cable wound
uniformly around the toroid. The result was a 10: I ratio
transformer, tightly-coupled but not satisfactory for u eat
very high frequencies.

In the second de ign, use of cup cores in a toroid (Figure
2a) resulted in better coupling. Rewinding, as in Figure 2b,
improved the coupling.

The third approach (Figure 3), in which we u ed a
multi-conductor hielded cable that provided very low

NOVEMBER/DECEMBER 1969 5



Figure 5. Components and assembly of production-model design
of 10: 1 ratio transformer.

Figure 6. Mid-range transformer production model.

leakage, encouraged further development. The fourth ap­
proach wa patterned after a design technique engineered
by alvert.'2J We used a Oat conductor, eparated from the
adjacent conductor by a dielectric sheet (Figure 4).
Unfortunately, this transformer proved difficult to as-

semble, and the coil had high capa itance loading. The
latter problem was a serious detriment inasmuch as it
increased the driving requirements exce ively.

inally, the decision was made to go to a machined-core
design. A split, hollow, bras bobbin was made and used as
a singl turn. The bobbin was silver-plated to minimize skin
effects at I MHz. To improvise leads for the single turn, the
casting that held the bobbins was made with self-circuit
leads (horns) that penetrated the mounting board for ease
of connection. Ten turns were wound on the bobbin, which
was weated into place in the casting. Figure 5 illustrates
the a sembly. In order to witch the lead, to provide the
de ired ratio direction, reed relays were connected to the
circuitry.

We still had the requirement for the mid-range I: I
coupling transformer. A simple, balanced, 1: I ratio trans­
former was constructed ( igure 6), con isting of a Triax
cable wound around a core. The outer and inner hield
were used as conductors; the inner conductor was ignored.
Thi technique provided a tran former, simple to manufac­
ture, with one conductor completely surrounded by the
second, a uring maximum coupling.

he e development chores completed in a satisfactory
fashion, manufacturing wa able to move out on the final
construction of the new GR 1682 Automatic apacitance
Bridge.

2 S Patent No. 2,659,845 assigned to Wayne-Kerr Laboratories, Ltd.

FIVE-TERMINAL, l-MHz AUTOMATIC CAPACITANCE BRIDGE
The second-generation automatic bridge with a long-lead feature In the integrated-circuit industry,

capacitance versusjunction-bias-voltage
measurements are important source of
analytical data from which everal char­
acteristics of semiconductor junction
can be determined. Because present
isolation techniques use reverse-biased
junctions and thin-oxide films, shunt
losses are unusually high for th mall­
value capacitors being measured. There­
fore, measurements at I MHz provide
maximum resolution and accuracy.

The 1682 is a true bridge, capable of
measurements to high accuracy and
with ensured long-term tability _It uses
transformer ratio arms and precision
admittance standards. The five-terrni­
nal-type connection for the unknown
minimizes the inaccuracy effects of lead
impedances.

~

Measurement guidelines for several
cia e of glass and ceramic capacitor
are provided by military pecificati6ns,
which require 1 MHz a the measure­
ment frequency.

Measurement at I MHz are neces­
sary to characterize low-value capaci­
tors with high shunt conductance.
Given a capacitance-conductance cir­
cuit of 100 p and 10 kil, a measure­
ment at I kHz would yield a large
real-current component, which would
result in a balance with considerable
loss of resolution, as indicated by the
vector diagram igure Ia. The real
and imaginary current at I MHz, how­
ever, are very nearly equal, and the
balance is achieved with maximum re­
solution, as indicated by the ve tor
diagram, Figure lb.

o
Operation at I MHz with long cables

to the unknown called for a design to
include a ratio-tran former, 5-terminal,
ac Kelvin bridge and was, in effect, an
extension of a lower-frequency ver­
sion.! The re ult is the five-terminal
configuration hown in igure 2. To
achieve minimum measurement errors
due to shunt loading, low-Ieakage-

J Hill, J. 1. and Miller, A. P., "An A Double
Bridge with Inductively Coupled Ratio Arms
for Precision Platinum-Resistance Thermom­
etry," Proceedings of the Institute of Elec­
trical Engineers, February 1963.
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impedance ratio tran formers were de­
veloped. * Loading ZA appear aCross
the ratio transformer winding 2' and
loading Za is across the low input im­
pedance of the bridge preamplifier.

It is extremely important to evaluate
the accuracy of a bridge at the terminals
of the capacitor being measured, not at
the bridge terminals. Ifa three-terminal
measurement were attempted at 1 MHz,
the inductance of the go and return
paths to the component would cause
considerable error, restricting the mea ­
urement to the bridge terminals. For
example, if a 1OOO-pF capacitor is mea ­
ured at the end of two twisted coaxial
leads, three feet long, the error in meas­
urement will be approximately 4%.

To provide meaningful measure­
ments of semiconductor-junction pa­
rameters, the test-signal level at the
unknown is low, 500 mV to 5 mVover
the three lowest ranges, and is constant
during balance operations in anyone
range.

The balancing technique is simple,
implemented entirely with integrated
circuits. The automatic-ranging feature
is de igned to provide maximum resolu­
tion of measurements over the four
bridge ranges.

·See page S.

Outstanding Features

• Wide range - 00.001 to 1999.9 pF
and 02.00 to 19.99 nF in four
ranges.

• High basic accuracy - 0.1 % at the
end of four-foot cables to the un­
known, due to use of 5-terminal
connections.

• Rapid automatic balance - 20 meas­
urements per second for ±I 0% com­
ponent , on anyone range.

• Built-in bias from 0 to 100 Vdc;
external to 200 Vdc.

• All functions remotely program­
mable.

• Variou data output and test fixture
options.

• Acce ory test fixtures available for
u e of rf capacitance standards* to
check bridge performance.

-R. F. Sette

·Typical are GR 1406, 1407, and 1403 Ca­
pacj tance Standards.

The GR 1682 was developed by the author.
D. S. Nixon provided the design ofthe digital
servo; W. A. Montague. D. W. carey. and A.
W. Winterhalter contributed significantly to
the mechanical design, etched-circuit layout,
and technical support.

R. F. Sette received his BSEE and MSEE
degrees from Northeastern University in
1960 and 1962 respectively. He joined GR
in 1964 after research work with the AF
Cambridge Research Laboratory and service
with the US Army at the electronics labora­
tory at Ft. Monmouth testing and evaluating
IC circuits. He is a member of IEEE and Eta
Kappa Nu and works with the GR Compo·
nent and Network Testing Group.

Complete specifications fo(- the GR 1682
are incl uded as a tear sheet at t he back of
this issue.
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Figure 1. Current vector diagram.

Figure 2. Simplified bridge circuit.
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VERSATILE RESISTANCE BRIDGE
Aself-contained resistance-measuring system with laboratory accuracy and production speed

The demand for reliability in pre­
sent complex electronic equipment
emphasize the need for large-volume
re'istor te ting. Measuremen t of resis­
tor to parts-per-million accuracy for­
merly were made on a Kelvin or
Wheat tone bridge that required man­
ual balan ing. Today the old high­
ac uracy mea urement techniques are
too low.

he need for fa ter measurement
wa. re ognized at General Radio more
than a decade ago. s a re ult, the
165 ~- Resistan e Limit Bridge I wa

1 Hague, W. M., Jr., "Ver.;atile Resi tance
Limit Bridge Doubles as Laboratory Stand­
ard," GR Experimenter, January 1952.

develop >d for u e at R and later
offered for general sale becau e of it
versatility. 0 bridge balan e wa re­
quired. Percentage deviation of the
unknown re istor from an adjustable
internal standard wa. indicated but
accuracy was limited to 0.2%.

Continu d demand for an improved
e onomical re i tor-te ting devi e that
off red greater versatility, peed, accu­
racy. and more automatic features
than the l65~ was the incentive to
de elop our latest resi tan e limit
bridge. 2

2 lpila, R. T., "A Resistance De ialion
Bridge UliJi7ing a Photo hopper D m­
plifier." MIT Master's Thesis. fIe tri al En­
gineering, June 1966.

Some Features
Improved features of the R 1662

Re i tance imit Bridge, which uper­
sedes the GR 1652-A Bridge, include:

• Re i tance range from In tIll
n.

• Com pan on preci ion to 100 parts
per million.

• Five deviation range from 0.3% to
30% full cale.

• Internal-re 1 tance- tandard limit of
error better than 0.02%.

• Operating rate up to 4 measure­
ment per econd.

• Four-terminal Kelvin connection.

• Linear analog outpu t voltage to

>--....._E.

DETECTOR AMPLIFIER

r----------,
I At .....PLiF (R I

I~t----{>--1~~
-------t

KELVIN BRIDGE

lINEAIUZEO
DC SUPPLY

LIM T

B COMPARATOR

UWIT

Figure 1. Block diagram of GR 1662 Bridge.
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drive DVM's limit comparators, dc
recorders.

• HI-GO-LO limit indication by panel
lights.

• Manually-preset or external-pro­
grammable limiting.

• Less than 12 mW dissipated in un­
known (minimizes self-heating ef­
fect on low-power device ).
The block diagram of the GR 1662

bridge, Figure 1, shows the basic ele­
ments of the instrument: a dc genera­
tor, an active Kelvin bridge, a detector
amplifier, and the HI, GO, La limit
circuitry.

he floating dc generator is guarded
and shielded to reduce tray leakage
paths to ground, thereby preserving
bridge accuracy even at the range
extremes. The Kelvin bridge consists
of exceptionally stable and high­
accuracy resistors adju ted to better
than 0.01 %. The bridge circuit is lin­
earized by means of feedback to the
dc source to measure the resistance
deviation as a percent of the standard.

Inner Workings

When the ratio R 1 /R 2 does not
equal Rx/Rs' an unbalance-error signal
results. Depending on the unbalance,
this error voltage can be quite small. It
mu t be am plified to a useful level so
that it can be displayed on a deflection

meter as the percent difference be­
tween the standard and the unknown
resistor. A higWy sensitive photo-chop­
per amplifier is used as the detector
amplifier to provide high gain and to
minimize drift and noise. The dc input
is converted into ac by the photo­
chopper. It is then amplified by a dc
amplifier that is also used as a Miller
integrator to provide an effective filter
for the demodulated signal. The gain
of the detector amplifier is stabilized
by feedback around the over-all sys­
tem. The deviation voltage is indicated
on a zero-centered meter and by the
analog-voltage output.

In addition to the percent-deviation
meter readout, a HI-GO-LO indication
is also available. The output voltage is
fed to a set of analog comparators
where it is compared to some preset
voltage level to determine if the resis­
tance measured by the bridge is higher,
lower, or within the selected tolerance.

Typical Applications
A practical application illustrating

the instrument's versatility is resistor
sorting at production speed. The meter
readout indicates the percentage devia­
tion of the resistor under test from an
adjustable internal or external stan­
dard. For manual sorting, resistors can
be conveniently connected to the

bridge by use of the 4-terminal­
connected GR 1662-P1 Test Fixture.
Completely automatic and faster sort­
ing capability is possible when the
bridge is paired with the GR 1782
Analog Limit Comparator3 and with
external handling and sorting equip­
ment.

The GR 1662 is also suitable for
use as a laboratory instrument to
measure precision resi tors to within
200 parts per million. Such precision
can be achieved by nulling techniques,
as in a conventional Kelvin bridge.

Other interesting applications are
matching of resistors, tern perature­
coefficient measurement of resistors,
and trimming of thin-film resistors by
controlling production processes with
the relay-equipped GR 1782 Analog
Limit Comparator that provides four
tolerance-limit settings. -R. K. Leong

3Leong, R. K., "Impedance Comparison
Sprints Ahead," GR Experimenter, May/
June J969.

A brief biography of engineer R. K. Leong
appeared in the May/June 1969 issue of the
CR Experimenter.

The GR 1662 was developed by the author,
with contributions by R. G Fulks and R. T.
Szpila during the early phases of the devel­
opment work.

Complete specifications for the GR 1662 are
included as a tear sheet at the back of this
issue.

Engineer Bob Leong
demonstrates GR 1662 bridge

to Editor White.
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WIDEBAND 20-dB/RANGE
AC MilLIVOLTMETER

The ac millivoltmeter is a funda­
mental tool in electronic measure­
ments. Although many instruments of
similar capability are already in exis­
tance, the new millivoltmeter from GR
makes a unique contribution to ac
measurements.

Basically, the GR 1808 is an aver­
age-reading voltmeter calibrated to in­
dicate the rms-value of sine waves. But
what sets this voltmeter apart from
others is its 10-Hz to 10-MHz band­
width coupled with a 20-dB dynamic
range per range. This wide dynamic
range makes po sible a single voltage
scale that, in turn, avoid confusion in
reading the meter. The single scale is not
only convenient for many amplifier re­
sponse measurements but is also neces­
sary in some automatic testing or cali­
bration set-ups.

ApplicatIons
Because the millivoltmeter is a gen­

eral-purpose, laboratory- and produc-

tion-type voltmeter it is difficult to
describe a particular application as a
"typical" application. Here are some
illustrations of interesting applica­
tions:

• Most operational amplifiers have the
open-loop frequency-re ponse curve
hown in Figure I. Quite often it is

desired to know the frequency, 12 ,

where the second breakpoint occurs in
order to maximize the design stability
of the amplifier.

The GRIO , with its 10-MHz
bandwidth is well suited for thi type
of measurement.

• The wide dynamic range and wide
bandwidth of the GR 1808 encourage
its use for attenuator calibration or
testing. For a 10- or 20-d B attenuator,
no range change is necessary in order to
read the input and output. For higher
value attenuators, minimum of range
changing is involved.

• requently, we wish to make ac
mea urements with higher resolution
than the specified ac uracy of the
available in truments. For example, in
tests of the tability of an amplifier
with temperature, the ab olute value
of a mea urement is not so important
as the change in the measurement a a
function of temperature.

The dc output from the 1808 may be
coupled into a GR 1807 D Micro­
voltmeter! anoammeter 1 to form uch
a high resolution sy tern. The GR I 07
ha an interpolation feature that will
enable the user to read the dc output
with 0.1% resolution. The y tern
hown in Figure 2 will increa e resolu­

tion of ac voltage approximately ten
times compared with the GR 180
meter reading. It is also important to
note that the dc-voltage output of the
GR 1808 can be used to drive a GR
1522 Recorder2 for a permanent re­
cording of data. The output of the GR
1807 can be connected to the recorder
if high resolution recording is desired.

• An important application for the mil­
Iivoltmeter is voltage mea uremcnt
from accelerometers, strain gauges, mi­
crophones or other imilar transducers.
In general, such transducers can be re­
duced to an equivalent-voltage source in
erie with a capacitance (Figure 3). The

voltage source is usually less than 100
millivolts and the capacitor C may be a

(cont. on page I I)

1Balekdjian, K. G., "A Unique DC Volt­
meter," GR Experimenter, August-Septem­
ber, 1968.

2 Basch , M. W., "A Programmable High­
Speed DC Recorder," GR Experimenter,
MayfJune 1969.

GR 1807

--.r0--
~ OfFSET

INTERPOLATION
OFFSET

PAEClsrOH·OC
OUTPUT

FREQUENCY '...,

Figure 1. Typical open-loop frequency-response curve.

10

Figure 2. System for increased measurement resolution.
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few hundred to a few thou and pico­
farads.

To measure the output of such a
device with reasonable accuracy (l % ­
5%), it is essential to have a voltmeter
with very low input capacitance. The
GR 1808 millivoltmeter with a Tek­
tronix P6008 probe and GR 1808-PI
Probe Adaptor becomes an ideal com­
bination for such mea urements. The
input capacitance of the probe will be
approximately 7.5 pF and the sensi­
tivity of the resulting combination will
be 15 mV for full-scale deflection.

heo 0 r' I '1

Figure 4 shows the block diagram
of the GR 1808. The input buffer use
a field-effect transistor in order to
achieve the high input impedance of
the in trument. Both attenuator o. I
and attenuator o. 2 are resistive type
with capacitive frequency compensa­
tion. Attenuator o. 1 is u ed on the
150-V and 15-V ranges, and all switch­
ing is done by means of reed relays.
This keeps high level ac signals from
the sensitive detector circuits.

In order to achieve maximum sta­
bility, the gain of the 20-dB amplifier
is never changed. In tead, attenuator
No. 2 provides the proper signal levels
for all ranges.

The heart of GR's new voltmeter i
the ac-to-dc converter shown in igure
5. Diodes Rl and CR2 form a full­
wave rectifier circuit. The dc-output
voltage (read by the meter) is propor­
tional to the difference between the
rectified voltages VI and V2 . An
important feature of this type of
converter is the fact that nonlinear
effects due to the diodes are elimi­
nated from accuracy considerations,
becau e the diodes are inside the feed­
back loop of amplifier A. The unbal­
ance-leakage currents of these diode
are mall enough to justify neglecting
their effect since only the unbalance
leakage current enters the accuracy
consideration.

The key to the wideband and wide
dynamic range of this converter is
amplifier . It has high open-loop
voltage gain even at 10 MHz, to
provide sharp rise and fall times at its
output. Since most diodes will require
0.3 to 0.5 volt to draw at least O.I-mA
current, sharp rise/fall times are espe­
cially necessary at low level and high
frequencies if errors are to be avoided.

The GR ] 808 AC Millivoltmeter is
not just another ac voltmeter; it i a
distinct contribution to this basic
branch of electronic measurements.

-K. G. Balekdjian

K. G. Balekdjian is a member of the GR
Component and Network Testing Group. He
received his SB and SM Degrees from
Massachusetts Institute of Technology in
1955 and 1957 respectively and joined GR
as a development engineer in 1964. George
is a member of IEEE. Tau Beta Pi. Eta
Kappa Nu. and Sigma Xi.

Complete specifications for the GR 1808 are
included as a tear sheet at the back of this
issue.
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Figure 3. Suggested measurement system for transducer response. Figure 5. Schematic of ac-to-<lc converter.
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UHf' TO I,O-\, ATTENUATOR FE T BUFFER ATTENUATOR CONSTANT· ACtOC
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4-048

T
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Figure 4. Block diagram of GR 1808 Millivoltmeter.
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