/4. GENERAL RADIO

ELECTRICAL MEASUREMENTS ¥

TECHNIQUE AND ITS

INDUSTRIAL APPLICATIONS

VOL. XI No. 1

JUNE, 1936

A MODERN STANDARD-SIGNAL GENERATOR

® SIGNAL GENERATORS have reached
a stage of maturity when new designs
may be directed at requirements in de-
tails of operation and elimination of
sources of error rather than improve-
ment in the fundamental method.

In the new General Radio TyprE
605-A Standard-Signal Generator, the
emphasis is on improved convenience
and accuracy of operation. Perhaps no
feature of earlier generators has been
more annoying than the necessity for
changing coils when operating over a
wide frequency range, and this has been
eliminated by the use of a range switch
— and the frequency control dial is di-
rect reading, doing away with calibra-
tion curves at the same time. Another
long-desired feature a-c operation —
has been incorporated, but the genera-
tor may also be operated on batteries if
desired. Electrically also, many annoy-
ances of earlier instruments have been
eliminated. Frequency modulation is
negligible, as is reaction of the atten-
uator setting on carrier frequency. And

no more will a blown thermocouple
bring the day’s work to a permanent
end.

The instrument is the result of nearly
two years’ study of the problem of de-
signing and manufacturing a signal gen-
erator which combines accuracy and
general utility with a price that most
radio receiver manufacturing labora-
tories, colleges, and engineers can af-
ford to pay.

A wide frequency range is of primary
importance in any general utility signal
generator. The range of the TypPE 605-A
Standard-Signal Generator extends
from 9.5 to 30,000 kilocycles, covering
carrier, supersonic and high audio fre-
quencies as well as most of the radio-
frequency spectrum.

The inductance and capacitance
have been so proportioned that only
two frequency scales are necessary on
the dial of the tuning condenser. Seven
coils are used in conjunction with a con-
denser having a 10 : 1 ratio of maxi-
mum to minimum capacitance. The
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Ficure 1. Panel view of the Type 605-A Standard-Signal Generator

ratio of maximum to minimum fre-
quency for each coil is, therefore, the
square root of 10, or 3.16, and the ac-
tual ranges in kilocycles are 9.5 to 30,
30 to 95, 95 to 300, and so on up to
30,000 kilocycles. Figure 2 shows the
dial and scales in detail.

The main tuning condenser operated
by this control has been designed to
provide a logarithmic change in fre-
quency with angular rotation. A given
rotation will cause the same percentage
change of frequency at any setting, and
the percentage accuracy of reading is
constant over the entire frequency
range of the instrument.

The tuned circuit has been designed
for a high degree of frequency sta-
bility. This is achieved by using a high
value of circuit capacitance (1400 to
140 micromicrofarads) and by careful
design of the inductors.

the range 9.5 to 300 kilocycles are
wound on sectioned isolantite forms.
The four higher-frequency coils are
wound on treated low-loss linen-bake-
lite tubes. One of the isolantite coils
is illustrated in Figure 3. This type
of construction has reduced the fre-
quency drift with time to less than
0.019 at any frequency after an initial
warming-up period of 20 or 30 minutes.

Each coil has a magnetic-metal
dust core which is adjusted to obtain
correct Inductance, and, once ad-
justed, the core is locked in place by
Associated with each
coil is a trimmer condenser. These fea-
tures make it possible to adjust the os-
cillator coil to the correct inductance
for its low-frequency point and to ad-
just the minimum capacity for the high-
frequency end of scale. In this way the
frequency scale is made direct-reading.

two setscrews.

The three lowest-freauencvveoilsfermradichi<dhercoils are selected bv the band-
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Ficurge 2. The main frequency control dial

change switch controlled from the
panel. On the dial, which is illustrated
in Figure 4, each coil range is lettered
and the actual range engraved on either
the inner or outer circle of numbers.
The inner and outer circle refer to the
corresponding circle on the main fre-
quency control so that there will be no
confusion as to which scale to use for
a given frequency band.

The band-change switch itself, which
is shown in Figure 5, has been designed
especially for this instrument. Both the
movable and fixed contacts are of sil-
ver. A positive detent action is pro-
vided so that the correct centering of
the switch at each stop is assured.

Frequency modulation and the
reaction of the attenuator setting on
carrier frequency have long been
bothersome defects in commercial
standard-signal generators. Both can be
eliminated almost completely by the use
of a master-oscillator power-amplifier
circuit in which the modulation is in-
troduced into the amplifier stage. The
amplifier isolates the oscillator circuits
from both the modulation and the out-
put circuits, and this accomplishes the
required result. These MOPA circuits

3

are very easily achieved in single-fre-
quency generators such as transmitters,
but for a wide-frequency-range signal
generator the problem is much more
complicated. The conventional circuit
involves the use of a complete dupli-
cate set of radio-frequency tuning in-
ductors, of which there are seven in the
Type 605-A, and two ganged variable
air condensers. The two tuned circuits
must be accurately aligned for all fre-
quencies. It also involves the push-pull
output tube arrangement if high per-
centages of modulation are required.
The principal difliculty is that the
duplicate tuned and push-pull circuits,
with the attendant increase in calibra-
tion and adjustment costs, rules out
the method for a moderately-priced
instrument. An investigation of un-
tuned radio-frequency amplifier cir-
cuits indicated that satisfactory results
would be possible with aperiodic coup-
ling, even over the extremely wide fre-

Ficure 3. ®ne of the low frequency coils
showing construction
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quency range required for a standard-
signal generator.

The use of an untuned output circuit
reduces the output power available but
has the advantage of simplicity and
also eliminates the probability of side-
band clipping at high modulation fre-
quencies. Even without a tuned out-
put circuit quite high percentages of
modulation can be achieved if two am-
plifier tubes are used in a push-pull cir-
cuit. These balanced circuits, how-
ever, also require a rather elaborate
and expensive arrangement of addi-
tional equipment, especially when
working into a grounded unbalanced
attenuator system.

For these reasons, a single tube with
an aperiodic output coupled directly
into the attenuator has been used.

The maximum percentage of modu-
lation depends entirely upon the
amount of radio-frequency and audio-
frequency distortion that can be tol-
erated. The latter distortion is rather
more important. The r-m-s value of the
audio-frequency harmonics in this in-
strument has been reduced to 39;* at
309, modulation; at 509, modulation
the harmonics are somewhat less than

FREQ. RANGE

I'tcurRE 4. The band-change dial

4

59%7*. Therefore, 509, modulation was
selected as the maximum.

The Type 605-A Standard-Signal
Generator is provided with a 400-cycle
internal modulating oscillator. Its out-
put is introduced into the grid circuit
of the amplifier-modulator tube and is
adjustable from zero amplitude to the
maximum of 509, modulation. Its

Ficurg 5. Construction of the band-change
switch

amplitude is read on the lower scale of
the panel meter shown in Figure 6.
Terminals are provided for external
modulation, which is obtained from
any external oscillator. The frequency
range is from 30 to 15,000 cycles. Since
the modulation is applied in a vacuum-
tube grid circuit the power required is
very low. Only five volts across 2500
ohms (10 milliwatts) are needed for

*These figures include the distortion in the audio-fre-
quency oscillator itself.
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FicurEe 6. YVacuum-tube voltmeter scales

309 modulation. In order to prevent
effectively any radio-frequency leakage
at the external-modulation terminals,
two low-pass filters are provided. Below
300 kilocycles the maximum modulat-
ing frequency is limited to 1000 cycles.
Above 300 kilocycles carrier frequency,
the full external-modulation range of 30
to 15,000 cycles may be used.

For purposes of reliability and ac-
curacy, vacuum-tube voltmeters are
used to measure the amplitude of the
carrier and the modulation voltage.
Both voltmeters use the same micro-
ammeter, which can be switched from
one circuit to the other as desired.

The audio-frequency modulating
voltage is impressed on a TYPE 84 Rec-
tifier Tube operating in a full-wave
rectifier circuit. The current drain is so
slight that the waveform is not af-
fected by the rectifier across it.
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The carrier-frequency vacuum-tube
voltmeter is bridged across the carrier
output of the radio-frequency ampli-
fier at the beginning of the output at-
tenuator system. It is essential that its
input capacitance be low so that it will
not bypass the higher radio frequencies.
A TYPE 955 Tube has been selected as
the most suitable. It is, in fact, the only
readily-available commercial tube that
will do the work successfully. The me-
ter circuit may be adjusted to take care
of slow drifts in the tube sensitivity due
to reduced cathode emission over long
periods of time.

The attenuator system has received
particular attention. The amplifier tube
works into an L-type attenuator hav-
ing an impedance of 50 ohms. The cir-
cuit is shown in Figure 7. The shunt
element, which is the most critical as
to accuracy, is in appearance similar to
the General Radio Type 301-A Poten-
tiometer. The resistance wire is wound
by the Ayrton-Perry method on a thin,
narrow form. The magnetic field around
this potentiometer is practically elim-
inated by an aluminum center which
reduces the area enclosed by the mov-
able switch blade. By proper propor-
tioning of the various elements, almost
all of the residual inductance is elim-
inated, making the potentiometer prac-
tically a pure resistance at all fre-
quencies. The series rheostat is similar
in construction. This L-network pro-
vides a continuous variation of the
calibrated output voltage range over a
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Ficure 7. Schematic diagram of the output system
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ratio of 1 to 20. Its control scale is cal-
ibrated from 0.5 to 10 in microvolts.
The slide-wire assembly is followed by a
five-step ladder network. Each step
changes the output by a factor of 10,
providing multiplying factors of 1, 10,
100, 1000, and 10,000. The resistor ele-
ments of the ladder are wound on very
small mica cards in the conventional
manner except that, by better propor-
tioning of the dimensions, their
frequency characteristics have been
considerably improved. They are care-
fully shielded, and a concentric output
plug is provided so that the shielding is
maintained intact through to the end
of the concentric shielded connector
cable, also provided. The output micro-
voltage is continuously variable from
0.5 to 100,000 microvolts. The atten-
uator output impedance is constant at
10 ohms up to 10,000 microvolts and
increases to 50 ohms for the range of
10,000 to 100,000 microvolts.

The instrument is designed for oper-
ation directly from the commercial al-
ternating-current power mains. Since
it is important that the output ampli-
tude and frequency remain constant at
all times, an automatic voltage-regu-
lating transformer is used. It is possible
to regulate the plate voltage by means
of a gas-filled regulator tube or other
means, but this does not eliminate the
slow drifts due to changing cathode
temperatures. The entire powerinputis,
therefore, voltage regulated by means
of a saturated-core-type regulating
transformer. Care has been taken in its

design to reduce external electro-
magnetic fields. Since a given design of
this type of transformer is only suitable
for a narrow range in the vicinity of
one supply frequency, three models
are available for use on 60-, 50-, or 42-
cycle supply mains, which include
most of the commercial frequencies
used either in this country or abroad.

Battery operation is sometimes es-
sential for mobile work. For this use, a
battery power control panel may be
ordered with the instrument instead
of the alternating-current power unit.
This control panel is equipped with a
suitable meter for reading both 4 and
B voltages, a fillament, and a plate ad-
justing rheostat. The cathodes are
operated at 6 volts (from an automo-
bile storage battery for example), with
total current requirements of 1.70 am-
peres. A single 200-volt battery ca-
pable of delivering 37 milliamperes con-
tinuously is required for the B supply.
No other batteries are needed. The
power input leads are filtered to pre-
vent radio-frequency leakage.

The whole assembly is housed in a
copper-shielded cabinet. The greatest
care has been used to reduce radio-
frequency leakage to a value so low
that an unshielded receiver will not be
affected by leakage even when working
at the lowest microvolt levels.

— ARTHUR E. THIESSEN

The Type 605-A Standard-Signal
Generator was designed by Mr. E.
Karplus in collaboration with Messrs.
L. B. Arguimbau and A. C. Bousquet.

Type Power Supply Code Word Price

605-A 60 cycles ANNUL $415.00
605-A 50 cycles ANODE 415.00
605-A 42 cycles ANVIL 415.00
605-A Battery APART 415.00

This instrument is licensed under patents of the American Telephone and Telegraph Com-
pany, solely for utilization in research, investigation, measurement, testing, instruction, and

development work in pure and applied science.

6

www americanradiohistorv com


www.americanradiohistory.com

FORWARDING ‘“‘EXPERIMENTERS”

® I[F you are going away for several
months this summer be sure to leave
your forwarding address AND POSTAGE
with your Post Office, otherwise the
Experimenters will be returned to us
with the notation “‘gone away — ad-
dress unknown.”” This causes much un-
necessary correspondence and delay.

AWE-INSPIRING LABORATORY

® SINCE a large number of the Gen-
eral Radio Experimenter readers spend
a considerable amount of time in the
laboratory, the quotation below, taken
from the May 1, 1936, issue of The
Wireless World (London), should be of
particular interest:

“A laboratory, in the eyes of many
film producers, popular novelists, pat-
ent medicine venders, black-and-white
artists, and others, is a cross between
the reception hall of the Ritz and the
crypt of a cathedral. It combines the
ideas of spacious nobility and eager in-
tent with a flavoring of musty mys-
tery, with the result that the general
public look upon a ‘lab’ as a place
where angels fear to tread.”

SUMMER SCHEDULE

® THE July and August numbers of
the FExperimenter will be combined in
a single issue, which will be in the
mails approximately August 1.

TECHNICAL PAPERS

® A NUMBER of papers have been de-
livered recently by members of the
General Radio Engineering Staff be-
fore local sections of the Institute of
Radio Engineers.

MISCELLANY

Mr. L. B. Arguimbau discussed ““The
Design and Application of Laboratory
Equipment” before the
Pennsylvania, Section on February 27.
At the Washington Section on March 9
his subject was *“Wave Analysis.”

On March 5, Mr. A. E. Thiessen
talked on ‘“Broadcast Station Moni-
toring’’ before the Philadelphia Sec-
tion.

““Accurate Methods of Measuring
Both Capacitance and Inductance”
was the title of Mr. R. F. Field’s paper
at the Connecticut Valley Section on
May 28.

Emporium,

A NEW ENGINEER

e ON MAY 1, 1936, Mr. L. E. Pack-
ard joined the Engineering Depart-
ment of the General Radio Company.
Mr. Packard received his degree in
electrical communications from M assa-
chusetts Institute of Technology in
1935. During the past year he has been
associated with the Mason-Neilan Reg-
ulator Company working on industrial
temperature regulators.

BULLETINS

® DESCRIPTIVE bulletins are available
covering the Type 605-A Standard-
Signal Generator, Edgerton Strobo-
scopes, and Variacs. Any of these will
be gladly sent to those requesting
copies.

BINDERS

@ BEGINNING with this the
Experimenter will be punched to fit
standard three-ring binders of the
type used as loose-leaf notebooks.
These can be purchased in any 5-and-
10-cent store.

issue,
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WHAT THE CANDID CAMERA SAW—
UNKNOWN TO THE VICTIMS!

Photograph by F. Ireland, Engineering Department

® EVERY TUESDAY morning in the
Company’s library there meets an
important group known as the
Development Committee. This com-
mittee reviews the progress of the
various projects under development,
prepares specifications for new projects,
and critically examines new instru-
ments which may have resulted from
these projects.

e R e

The membership of this committee
consists of W. N. Tuttle, Chairman,
(standing center), C. T. Burke (stand-
ing left), A. E. Thiessen (seated), Mel-
ville Eastham (standing right). Other
engineers meet with the committee
when their particular projects are dis-
cussed (this accounts for the presence
of the photographer).

S22

THE General Radio EXPERIMENTER is mailed without charge each

month to engineers, scientists, technicians, and others interested in
communication-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company name, company ad-
dress, type of business company is engaged in, and title or position of
individual. '

GENERAL RADIO COMPANY
30 State Street - Cambridge A, Massachusetts

Branch Engineering Office — 90 West Street, New York City
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