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‘THE MEGACYCLE METER

Jerry B.»Minter*

Presented before the Radio Club, May 9, 1947

The Model 59 is basically a grid—dip ther.
Such instruments have been used by radio amateurs,
and others for many years. This commercial in-
strument 1s rather carefully designed, however, to
eliminate some of the shortcomihgs of the home-
made models which have been used from time to time
and described in.the literature. In the first

#Chlef Engineer, Measurements Corporation, Boonton,
N.J.

place, the Model 59 1is a balanced:type osclllator.
That 1s, the tuning capacltor 1sbalanced to ground
and the Colpitts type circult is arranged so that
the neutral point of the oscillator 1s éxactly at

. the mid-point of the oscillator inductance. It
will be seen later that this permits one to obtain

pure magnetic coupling or pure electrostatic
coupling to a_circult under examination.

The Instrument can be thought of as a dynamic
wavemeter, since unlike ordinary wavemeters, it

Note: Use of the Mueller #60CS Clips (illustrated) will add about one
mmfd to the minimum circuit capacitance of the coil; therefore
one mmi'd should be subtracted from that value read opposite the
resonant frequency of- the chart.

Figure 1 - MEASUREMENT OF CAPACITANCE
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supplies 1ts own power; it therefore is capable of
measuring the resonant frequency of tuned circuits
which are passive in themselves. Of course, it
will also measure the resonant rrequency of os-
cillating circuits. ;
‘Phone Jack is provided for audible detection of
resonance in addition to the meter in the grid
circuit.

_ The Model 59 covers the frequency range of
2.2 to 400 me. It 18 as basic to the High Fre-
quency Art as the volt-ohmmeter and the soldering
iron.
but alse capacity, inductance, mitual inductance
and Q.

To measure capacltance, one of the unused
colls 18 connected with suitable clips across the
unknown capacitor, and the resonant rrequency of
the combination 1s then measured.. (See Fig. 1).

- A set of charts permits direct reading of 'cap-
acitance from zero to 1,000 micromicrofarads. It
18 necessary to obtain one extra coll for the
range from 10 to 50 mmf, since.this 18 the

‘capacitance range of the internal tumning capacitor

of the 59. The accuracy of capacltance measure-
ment 18 of the order of 5% or better, depending
~upon the care taken in connecting to the- capacitor
and determining resonant frequency. ’

Likewise s 1t 1s easy to measure unknown 1n-
ductance coils by connecting them across a known
:capacitor, and determining the resonant frequency
of the combination. Mutual inductance can be de-
termined in a similar manner by tirst connecting
.the coils, alding and then bucking, and then:
calculated by using the well known .formla for
mutual inductance.

In order tc measure Q, accurately, a sultable
vacuum tube voltmeter should be used to indicate
resonance of the unknown circuit and the 70% re~
sponse point. Of course, a relative indication of
Q can be obtained by merely noting how sharp the
dip in grid current is and comparing that with -
other grid current indications. For example:- a
very high Q circult will give a very sharp in-
dication of grid current, in-fact, it may pull the
oscillator completely out of oscillation. Where-
as a very low Q circuit, one with a Q of 5 or 10,

perhaps, ‘will yleld a broad indication of reso- - -

‘nance. In other words, the circuit does not
couple readily to the Model 59, and therefore
‘does not give a large sharply defined dip of
grid-current. Therefore 1t is possible to get'a
gualitative measure or the Q with- the 59 alone. = -

For additional convenlence a

It can be used to measure not only frequency

‘the center:rather than at the ends.

‘end erfects.

So far, 1've been dealing with the basic
applications of the Model 59, those involving
the measurement of frequency, inductance,
capacitance, etc. The Instrument also has many
applications In the fleld of antenna measure-
ments. You can measurs not only the natural

‘resonant. frequency of simple antenna, but you

can also take into account the proximity effect
'of parasitic reflectors on resonant ’rredueucy.
Thus 1t 18 possible to adjust accurately an
antenna structure to a particular frequency by
use of the Model 59.

‘A very pretty demonstration of the magnetic
fleld about an antenna can be made with the Modél
59. The direction of the current flow and hence
the directlon of the magnetic fleld as well as .
location of maxima and minima can be shown by
moving the exploring coil aleng the.antenna and
determining where the maximum current absorption
occurs and where the maximum voltage occurs. If

1t desired to measure an antenna accurately, it

s always well to couple to the current maxima,
which in the case of a half-wave antenna means at
Coupling at
the ends, (see Fig. 2), tends to detune the
antenna to some extent; 4t 1S therefore better to
measure a 1/4 wave section at 1ts second harmonic’
or half-wave resonance frequency by shorting out
the- 1/4 wave section at its far end because of
(0) course in many cases for match-
ing stubs, the rrequency need not be known so
accurately.

It is possib}le to couple to transmission
lines to determine whether they are properly

matched to eliminate standing wave errors. (see
INDUCTIVE CAPACITY
COUPLING. COUPLING.
O MODEL 59.,
e |
MODEL 59. A
I % —*

Note: Inductive coupling may be more convenient tor
lOw-Q stubs.

Capacity coupling 1is quite satisfactory for:
Hi Q stubs.

On co-axlial stubs, a noticeable dip may be ob-
tained by inductive coupling to the shorted :
end of single brald co-axial .stubs in the 100 .
.to 400 mc fréquency range. Tnis occurs because -
of .the imperfect shielding action of the"outer
‘braid conductor at these higher frequenciles.

~Figure 2 - ACOU_PL iNG_ TO QUARTER-WAVE STUBS
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| Note: 1, Orient for maximum 1nductive coupling (on
“DIODE“), with power applied to line;

2, Move linearly along line for a distance of
one quarter wave or more while maintaining
constant spacing.

FIGURE 3 - CHECKING FOR STANDING WAVES
ON TRANSMISSION LINES

‘Flg. 3). All these measurements can be made in
the oscillating condition with the Model 59
supplying the required power. - Therefore, 1t 1s
‘not necessary to drive the antenna from a trans-
mitter and radiate a strong interfering signal to
make these measurements. .

It 1s possible to get a quantitive measuré
of harmonic reduction by means of the 59 coupled
to a'transmitter antenna. This application is
fully described in the instruction book.

The Model 59 has many applications in the
f1eld of transmitters. It .can be used to deter-
mine the location of parasitic oscillations in
audio modulators.
occur in the range from 30 to 150 megacyéles,
beyond the 1imits of. the average oscilloscope.
The Model 59, when used as an oscillating de-
tector, with a palr of headphones, can be used
to locate the maximum current and its direction
and thus trace out the path of the parasitic.

It can, therefore, be used to determine when the

" parasitic has been completely eliminated under
actual modulation conditions.

Frequently these oscillations .

- mitter!

=B

r.f. stages of the transmitter.

The ‘59 can also be used to line up the master
osclllator, tune up the buffer-amplifier stages,
and the final power'amplgrier.

In some high frequency .transmitters, such as
are used for taxi-cab radio, a great many harmonic
amplifier stages are employed, and it is difficult
to determine to which harmonic some of these

"amplifiers are tuned without the aid of an in—-
- strument such as the Model 59.

It 1s possible to tﬁne up most stages with-
out even having the power applied to the trans-
This is important in transmitters
employing high voltage and results in a consider-
able improvement in safety during experimental
work and tuning of the transmitter.

It 1s easy to neutralize an amplifier stage
with the Model 59. There are two basic methods
of neutralization; one is called "reaction method”
which involves the coupling to the grid circuit,
and adjusting the neutralizing capacitor_rori
minimm reaction of the plate tank tuning on grid
circult tuning. This can be done without any
power being applied to the stage whatsoever; the
second involves the application of drive power .to
the gfid, but no plate voltage to the amplifier
stage and 1s called the "transmission method” of
neutralization. This involves coupling to the
plate tank and adjusting the neutralization

‘capacitor for minimum transmission at the de-

sired frequency. Both of these methods are care-
fully described and diagrammed in the instruction
book.

Frequently, parasitics are encountered in the
These can be
located, provided they do not exceed the upper
frequency limit of 400 megacycles.

The Model 59 has numerous applications in
receiver design and alignment. It is possible to
adjJust and track the high frequency, r.f. antenna,
and oscillator circuits without having power
applied to the receiver. In many cases involving
grid mixing of the oscillator, a certain amount .
of dragging of oscillator frequency occurs due to
misad Justment of the mixer input circuit. With
the conventional method of usihg a standard signal
generator, this condition is rather difficult to
overcome and sometimes the mixer circult 18 badly
mistuned through false interpretation of the
maximizing of conversion gain. ‘With the Model 59
the correct tuning range is first set up on the
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mixer circuit, and then on the oscillator circult.

' Next ‘the. coupling between the two can be adjusted
) Ior_ optimum conversion gain after power is applied.

Thus, the two opposing effects of resonance and
local oseillator injection are separated into two
‘adjustments thru.the use of the Model 59.

It is rreqqem;ly necessary to include trap
and rejJection circuits for the elimination of IF
interference, FM image résponses -and other un-
desirable responses in television receivers.
These traps can be readily adjusted with the aid
of the Model 59. It is sometimes desirable to '
incorporate a hi-pass filter to eliminate unde-
sired IF responses; such a hi-pass filter can be
readily adjusted by the Model 59. The adjustment
of such a filter is described in detail in the
instruction book. ’ o

0f course the intermediate frequency circuits
in a receiver can be checked for correct tuning.
The Model 59 1s particularly useful for the ad-
Justment of stagger-tuned circuits, which are be-
coming increasingly popular in television:
‘recelvers. The 1.f. trap circuits can also be.
readily tuned with the Model 59.

- In the design of video detector circuits it
is desira‘ble\ to use a low pass filter between the '
video detector and the first video amplifier.
‘This low pass filter can be adJuSted by means of
the Model 59.

Of course the video peaking colls between
the video stage and the kinescope grid can also
be adjusted with the Model 59. There are many
cases where it is desired to measure small capa-
citors in the video stages between the range of 5
and .15 mmf, The use of one of the umused oscil-
lator colls and a palr of short clips to measure
this capacity, as previously mentioned, is very
convenient, since 1t 1s not necessary to -carry a .
large capacitance bridge over to the chassis under
study. Nor 1s there a lead length problem, since
the coil can be clipped directly into place in the
circuit. Also it 1s possible to measure this
capacity, in most cases, without unsoldering load
resistors and other components, as 1s necessary 1if
a low frequency capaclitance bridge 1s used.

‘In an FM receiver or in the FM sound portion
of a television receiver, the Model-59 can be
used to adjust the center frequency or cross-
over of a discriminator. It can also be used to
adjust carrier difference detection type dis-
criminators which are becoming more popular in
some of the ‘cheaper television sets.

—6-.

_frequency.

. an Instrument like the Model 59.

There are many other applications in the
field of high frequeney recelvers. Some receivers,
such as those used in the taxi-cab service in the
range from 150 to 165 megacycles, employ band
pass type harmonic a.mpliﬁers for thelr crystals, °
80 that substantially no retuning of the re-
celver 1s necessary in order to change .crystal
These. band-pass circuits can be
easily adjusted by use of the 59 in determining
their natural resonant frequency. If they are
slightly over coupled, two resonant dips will
be noted on the Model 59. If they're under-
coupled, of course ohly one resonant dip will be
found. ) . :

) In recelvers and other high frequency equip-
ment, parasitic circults can cause considerable
trouble, since they create dead spots in the
tuning range by the process of absorbing energy
in a manner simiiar to a trap. By overcoupling
they may actually drag the circuit and make it
difficult, if not impossible, to cover a desired
tuning range. These undesired parasitic resonant
circults are frequently present In the mechanical
structure of the assembly. Latch bars of push
button switches may resonate because they are
large compared to wave length. Mechanical
support members such as bearing supportq , Shafts
and other structural members, which are not
normally thought of as being electrical pa_rts of
a circuilt, may become resonant and cause con—
siderable trouble. The 59 can be used to deter-
mine not only the direction of current flow, but
also the maximum current flow or the maximum
voltage standing wave points. Obviously, if the
circult can be open-circuited at the current
maximum, a substantial reductilon in the parasitic
should result. If the circult can be shorted or
loaded at the voltage maximum point, the
parasitic can also be eliminated.

The technique of using a Model &9 for lo-
cating a parasitic can be illustrated by exploring
the field around a simple 1/2' wave or 1/4 wave
antenna in space and this demonstrating the ease
with which the Model 59 can piot the field.

There ‘are many mlscellaneous applications of
It -can be used
as a signal source for point to point trouble ‘
checking in a VHF receiver: by locating it at
some distance from the antemna input, a signal
can be introduced in a small loop In the antenna

-input circult, and point to point checks made
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between the antenna, the r.f. stage, and the 1.f.
stages in turn. Preceding stages can be vdisabled‘
by pulling the ‘tubes out -of thelr sockets or by
removing the plate voltage. ’ '

ThevModel 69 can also be used as a beat
marker for marking sweep generator displays on an
oscilloscope. There are a good many types of sweep
generators without a suitable marker. The beat

type marker which results when the Model 59 1s

coupled in loosely to the input of the broad band
amplifier under sweep alignment is quite con-
venient. It can be made more pronounced and
sharply defined by restricting‘the band width of
the oscilloscope by means of a simple RC low pass
filter. Sometimes broad band oscllloscopes may be
used simply because they are used for other ap-
plications on the same project. A broad band
width of 1 or 2 megacycles will produce a broad

" beat marker and thus obscure, or make it difficult,

‘to determine the frequency accurately. The
amplitude of the marker can be controlled by vary-
ing the coupling between the Model 59 and the
input of the system under test.

The Model 59 has been carefully designed to
assure long and faithful service. There are a

o number of refinements which have been added to

the original laboratory models; such as, a small .
trimmer to permit replacement of the 955 r.f.

~oscillator tube and readjustment of the tuning

dial to exact tracking of the scale. All the

Model 595 are individually calibrated in frequency, -

and tho the frequency 1s guaranteed to 2%, it is
actually held to much closer 1limits than this in
production. All of the coills are held to close
1imits even though the dials are individually
calibrated. Thus 1t 1s possible to buy & re-
placement coll and not have a serious error in

the frequency calibration of the dial.

The instrument has»_provision for modulation,

_so that a 120 cycle ripple from the power supply

can be applied for internal modulation. External

modulation can be applied, 1f desired. This 1s
sometimes convenient for identifying the signal
when checking the beats from a harmonic

‘oscillator.

Of course it has been previously polnted out
that headphones can be used to Iindicate resonance
by a sharp click in the case of a passive circuit,
as contrasted with a dip of grid current on the
meter. There will be an audible beat note In
the headphones when beating to an oscillating
circult as compared to a rise, dip and then a rise-
again in grid current. The headphones can also
be used with the instrument in a non-oscillating
or a diode conditien. This may be useful for
monitoring for the presence of parasitics in a
system.

In the construction of the instrument, every
effort has been made to use the highest quality‘
of componeht parts, so that no difficulty should
be experienced_ with the failure of component_s )
other then an occasional vacuum tube. "

" We hope In the near future to make available
a small battery pack for use with the instrument
in the field. This would be particularly useful
in examining antennas on aircraft and up on
towers or locations where it may be inconvenient
to obtain 110 ac power, or detrimental to the
antenna under investigation. This battery pack
will increase the utility of the instrument.

We also anticipate the possibility of making
both a low frequency and a high frequency tuning
head. These heads could be purchased separately,
and thus, increase the utility of the instrument
to those people  interested in that part of the
frequency spectrum. ’

The flexibility of the Model 59 is almost
unlimited. The field of applications has been

:scarcely scratched. : -



~ A RADIO MAN'S SCENIC MOMENTS
By
“Joseph A, Waldsghmittx

EDITOR'S NOTE: Following 1sa summary of a Paper
presented by Mpr, Waldgehmitt to the Radio €lub
~of America, New York City om April 11, 1947.

A very interesting ageount of hisg many ex=
periences during the war installing and msin-
- talning radio equipment was presented. As his
duties toek him te all parts ef the world, he
1llustrated his talk with a eollection of
eolored glides ef pictureg taken in Labrader,
Baffin Land, Greenland, Ching, Burma, India and
the United 8tates.

# Eng1paep with B B.C. nge, eopgulting Radie En—
gineers of Hgghington, D.GC,

EDITOR'8 NOTE:
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PULSE TIME MODULAT ION

BY
Fred C. Wallacex
! - Following 1s a summary of &
Paper presented by Mr. Wallace to the Radlo Club .

of America, New York City on March 14, 1947,

A sound motien pictui'e describing a 24
channel microwave system was shown followed by a

- desoription of the methods used to time modulate

and demodulate the gignalllng pulses. The re-
sults obtalned in communlcation service were

- explained,

# superviéing Engineér, General Technical Service,
Federal Communications Lab,, Inc. .




MU g INSTRUMENT FOR
ELECTRONIC MEASUREMENTS

1. 4 conventional Volt-Ohm-
Milliammeter with self-con-
~ tained power source:

2. A high-impedance elec-
tronic Volt-Ohmmeter using
115 volt, 60 cycle power.

3. A stable, robe-type, Vac-
uum Tube Voltmeter, for use
to 300 megacycles.

‘ Model 769 ’

Accurate a-c measurements .25 volt to 120° volts, 50

cycles to 300 megacycles.

- Extremely small R.F. Probe (3%"” x 3" dia.). Probe
constants, 5 megohms paralleled by 5 mmifd., approx. -

' New unity gain d-c amplifier provides absolute stability
with line voltage variations from 105 to 130 volts.

D-C Electronic amplifier ranges 3 to 1200 volts at 15
megohms, resistance ranges 3000 ohms to 3000 megohms.

Conventional 10,000 ohm per volt d-c ranges 3 to
1200 volts, 1000 ohm per volt a-c rectifier ranges 3 to
1200 volts.

Resistance ranges 3000 to 300,000 ohms where a-c
power is not available.
.Entire Model 769 protected from external RF influences.

Uses standard commercial types of tubes replaceable
without recalibration. : . »
Size only 10” x 13" x 615", - ALBANY - ATLANTA - BOSTON - BUFFALO - CHARLOTTE - CHICAGO - CINCINNATI - CLEVELAND

. . L DALLAS - DENVER - DETROIT - JACKSONVILLE - KNOXVILLE - LITTLE ROCK - LOS ANGELES
Full details from your local WESTON representative. MERIDEN - MINNEAPOLIS - NEWARK - NEW ORLEANS - NEW YORK - PHILADELPHIA
Literature available ... Weston Electrical Instrument PHOENIX - PITISBURGH - ROCHESTER - SAN FRANCISCO - SEATTLE - ST. LOUIS

Corporation, 672 Frelinghuysen Avenue, Newark 5,N. J, SYRACUSE - IN CANADA, NORTHERN ELECTRIC C0., LTD., POWERLITE DEVICES, LTD.




AT o

MODEL 84
U.H.F. STANDARD SIGNAL GENERATOR

300 to 1000 megacycles, AM and Pulse Modulation

MODEL 62
VACUUM TUBE VOLTMETER

0 to 100 volts AC, DC ond RF
MODEL 78-FM STANDARD SIGNAL GENERATOR

86 to 108 megacycles. Output: 1 to 100,000 microvolts

MODEL 58 U.H.F. RADIO NOISE
AND FIELD STRENGTH METER

15 to 150 megoacycles

MODEL 71 SQUARE WAVE GENERATOR

510 100,000 cycles
Rise Rate 400 volts per microsecond

E
i
P

. MODEL 80
STANDARD SIGNAL GENERATOR
2 to 400 megacycles
AM and Pulse Modulation

MODEL 65-B
STANDARD SIGNAL GENERATOR
,75 to 30,000-kilocycles
M.O.P.A.,100% Modulation

MODEL 79-8B PULSE GENERATOR

50 to 100,000 cycles
0.5 to 40 microsecond pulse width

.
e
.



For the ¢ answers to your
| ElECTRONIC-MECHANICAl PROBLEMS

[consun SHERRON’S ANAlYTICAl
ENGINEERING-MANUFACTURING SERVICE

VIEW OF
SHERRON
ELECTRO--

MECHANICAL

LABORATORY

" In the complefeness of its depart-
ments, manpower and the skills and
experience of ‘its personnel, the

Sherron Electronics Co. is organized -

to meet any challenge in the design,
. development and manufacture of:

VIEW OF
SHERRON
ELECTRONICS

LABORATORY

In broad terms, Sherron's Analytical
Engineering-Manufacturing - Service'
means . . .
opment, engineering and manufac-
turing of “precision electronics”
equipment. Comprehensive, confi-
dential — this service is exclusively
for manufacturers. It is defined by
these facilities, personnel and op-
erations:

DEVELOPMENT-DESIGN: Initiated in
our electronics laboratory by experi-

complete design, devel-

Communications equipment . . . Elec-

“tronic Control equipment . . . Yac- ‘

uvum Tube Circuit development . .
Control of Measuring Devices .
Instrumentation .. . . Television Trans-
mitters . . . Television Test equipment
. Test Equipment for Components.

enced physmlsts, engineers and
technicians.

ELECTRO-MECHANICAL LABORA-
TORY: Staffed by graduate mech-
anical engineers fully conversant
with the requirements for *‘precision
electronics.”

COMPLETE SHEET METAL FACILITIES

WIRING DEPARTMENT: Headed by
production electrical engineers. .

sumkon ELECTRONICS COMPANY

DIVISION OF SHERRON METALLIC CORPORATION
1201 FLUSHING AVENUE * BROOKLYN 6, NEW YORK

RECENT SHERRON PROJE(TS
RELATING TO ELECTRONICS
- AND OTHER INDUSTRIES

COMMUNICATIONS

¢ Trans-Receivers for. various "
uses

.\ ¢ Television — FM - AM —

Transmitters

¢ Navigational Devices, includ- -

-, ing Homing Equipment,
Radar, etc.

. ¢ Micro-wave techniques and

Radio Relay Links

* Ample Test Equipment to as-
sure successful operation of
above

ELECTRONIC CONTROL
EQUIPMENT FOR
* Drone Aircraft Guided
Missiles
* High Gain Amplifiers
* Computers and Calculators
* Servo Equipment

e Velocity Propagation mea-

surement
* Test Equipment including In-
strumentation for above

VA(UUM TUBE. CIRCUIT |
DEVELOPMENT

* New applications for existing
vacuum tubes

® Precision test equipment for
vacuum tubes .

CONTROL OF MEASURING
DEVICES

* Flow indicators

¢ Sorting, Counting

* Measurement of chemical
titrations

. Surface strams, sfresses, efc ’

INSTRUMENTATION
¢ Bridge measurements
* Null detectors »
* Vacuum tube voltmeter-
ammeters
* Multi-wave shape generators| .

TELEVISION

e Television Signal Synfheslzer

Sync: Generators
¢ Monoscope
* Shapers — Timers
* Wide band oscilloscopes -
* - Air monitors
* Field intensity equnpmenf
* Television test equipment.




‘'RCA Laboratories’ “Chamber of Silence”—proving ground of tonal quality in radio and television instruments.

You walk into an eerie room. The

doorswings shut and you'rewrapped
in a silence so complete that it’s

an effort to listen. Sound in this -

vault-like cavern is reduced to the
minimum of hearing.

But even silence has a sound of its
. own. Faintly you hear a subdued hiss;
sometimes a soft hum. Scientists have
suggested this may be the “noise” of

“molecules hitting the eardrums. Others.

waonder if it is caused by the coursing
of the body’s bloodstream.

On the walls, ceiling, beneath the open,
grated floor of this RCA sound laboratory,

hangs enough heavy rug padding to cover
250 average living rooms. Sound is smoth-
ered in its folds—echoes and distortion are
wiped out. -

When acoustic scientists- at RCA
Laboratories want to study the actual
voice of an instrument, they take it to
this room. What they hear then is the
instrument itself—and only the instru-
ment. They get a true measure of per-
formance.

Information gained here is part of
such advances as: The “Golden Throat™
tone system found only in RCA Victor
radios and Victrola radio-phonographs
.. . superb sound systems for television

Ever hear 5/LENCE ?

...the true-to-life quality of RCA
Victor records . . . high-fidelity micro-
phones, clear voices for motion pic-
tures, public address systems, and
interoffice communications.-

Research at RCA Laboratories moves
along many paths. Advanced scientific
thinking is part of any product bearing
the names RCA, or RCA Victor. :
When in Radio City, New York, be
sure to see the radio, television and
electronic wonders on display at RCA
Exhibition Hall, 36 West 49th Street.
Free admission. Radio Corporation of
America, RCA Building, Radio City,
N.Y. 20,

RADIO CORPORATION of AMERICA



