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BY BENJAMIN CLARK.* WR40BZ

HE GRID-DIP osoillator has long heen a
-L standard piece of test equipment in the ham
shack., All recent editions of the Hendbook have
carried « ciremit or two and discussed its uses.
Several articles each vear in Q8T treat the dipper,
viving new designs or new ways of using this useful
instrument. This arficle is an attempt to summarize
uses of the dipper, in the hope that it may serve as
d single ceterence.

Ta ohfain the fullest use of the dipper three
acvessories wre needed, o “standard”  capacitor,
a4 “standard™ indoctor aind a calibrated all-band
reveiver, A capacitor of 100 pF and an inductor of

S il are recommended in the measurement section -

of the Hamdbook, and these values bandle most
any need.

¥ Mepkin Ahbev, Route 3, Box 357, Moncks

Corner, 5C 29461,

Fox i STANDARD

CAPACITOR

Fig. 1 — One way to measure toroids, The same
technigue can be used with shielded coils.
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Twenty Ways to Use Your Dipper

Resonant Frequency

The wriginal use of the dipper was (o measure
the resonant frequency of @ tuned circuit, and this
use has been sufficiently covered that it merely
needs to e menfionsd here, . Ong conples the
dipper to the circuit to be meuwsured, tunes the
dipper until the meter dips, indicating resonange.
The vnly precautions to be obscrved are to use the
loosest coupling that waill give a good dip, and to be
sure that the dipper is indicating at the resonant
frequency of the cirenit to he messured and not at
the resonant frequency of u cirenrt within the
dipper itself, it™s a good idea with any dipper,
eommercial or homemade, to check all rmpes with
the unit pot coupled to any thing und make note of
any dips  which occour,  These are  internal
resuttances within the dipper riself and knowing
where they are van save much time and frustration
when the unit is in actual use. One cxpects
cotimercially  built Jippers to he free of such
respnances, but a homemade unit may not be.

The cafibration of the vrdinary dipper is only
approximate, close enough fur mnost practical
purposes, but aot for ail. burthermore hand
capacitance and the effect of the circuit to which
the dipper s coupled will detune the wscilator
svmewhat, When greater accuracy is needed, one
can make use of a frequency counter, or if this is
not available, a calibrated frequency meter or
receiver,

All dippers can be used as absorption frequency
meters, for an shsorption frequency meter s
nothing more than a calibrated tuned circuit with,
some sort of resonance indicator, In every dipper,
the curment that passes theough the meter s
ectified of from the tuned viecuit, whether
vectified Dy the grid cironit of a vacuum tube, by
the gate junction of o JFET, or by a separate
reciifier connected across the funsd cireuit, 1t will
rectify equally well whether the of is generated by
the dippet vscillator or is picked up from outside.
With fube-type dippers, the plate voltage must be
removed withont cutting the heater or fiament
supply, to aflow the grid-cathode vircuit to act as a
diode rectifter. An adjustable plate voltage is even
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thore helpful, as this will permit the oscillator
circuil to act as 1 ¢ multiplier when fhe voltage is
adjusted to just below the point of wvscillation,
giving a sharper and more sensitive peak when the
tuned circuit picks up rf to which it is resonant,

Inductance

With a capacitor standard il becomes easy to
medsute the inductance of a coil. Simply connect
the coil in parallel with the capacitor and measure
ihe resonant frequency. Then if you feel like doing
some figuring, vou can nse the formula for finding
resonant frequencies to determine the inductance,
or you can do it the easy way by using an L{C/F
caleulator, !

The usual way of coupling {0 a coil inductively
will not work as well when the coil to be tested is a
toroid or is shielded, precisely because these types
of coils are intended to have as litile external field
as possible, There are three ways that one can
couple them to the dipper fur measurement,
however. 1f the dipper has the hot end of the coil
connected to an external terminal, a small capa-
citor, say 5 pF, van be vonnected befween that
terminal and vne side of the coil and capacitor
standard combination, the other side being con-
nected ta the dipper chassis.

Another method for coupling to foroids and
shiclded coils makes use of the fact that the loop
formed by the leads from the capacitor standard to
the coil forms one turn of the coil, and can be
coupled inductively to the dipper. The coupling is
quite loose, but the high £ of the unloaded coil
will usuaily make it adequate to get a good dip at
resonance, See Fig, 1.

A third method for toroids is to wind links
around the torold coil and the dipper coil and
connect them together as described in the April,
1973 issue of QST page 60, and shown in Fig. 2.

In the design of inductively voupled bapdpass
filters, one often needs (o know the mutual
inductance or coefficient of coupling of a pair of
voils. The Hendhook gives the following method:
measire the indactance of one of the coils with the
other first open, then shorted. The coefficient of
coupling, () is found from the formula:

! LaPlaca, “Using the ARRL L/C/F Caleulator,”
OST, Decemmber, 1973,

K

@

(A ) SHORTED

Fig, 2 —
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Fig. 2 — Another method tor testing torpids,

" / Ls
k N s
where Ls is the inducfance measured with the
uther coil shorted, Lu is the value measured when
the short is removed. See Fig. 3 a and b, With
known capacitors in use, measuring the frequency
will enable vou to determine the inductance.
Mutnal inductance can be measured by finding
the inductance of the two coils connected in series,
noting the vulue, then reversing the connection to
one of the cuils and measuring the inductance
again, Half the difference between the two mea-
surements is the mutwal inductance. Mutual in-
ductance (M) and coefficient of conpling (&) are
related by the formula:
ko= .__.i.’l{.._._

——

v L1L2

Fur accuraie measurement of  mutual
inductance ur coefficient of coupling, something
better than the dipper calibration may be needed,
and may be oblained by using the frequency
vounter method described earlier, 1f one has a
counter, or a receiver covering the required range,
fine. But i yvour receiver is of lhe amnateur
bands-only variety, your capacitor standard may
not be able to tune the coil within vour receiver's
range. In that case, use any capacitor that will do

tied

UNSHORTED

This shows how to determine the value of

an unknown inductance as described in the text.

January, 1974
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Fig. 4 — Locating hidden metals with a dipper.

50, and compute the <oeflicient of coupling as
shown above, but using another formuila that does
not require that one determine the actual value of
the inductance:
; —
ke Sy o190
N fi
where fo and rs are the frequencies measured with
the other coil open and shorted respectively.

Capacitance

Capacitance is measured just like inductance
except, of course, that you connect the inductance
standard in parallel with €he capacitor to be
measured.

Transmission Lines

In constructing antennas, a quarter-wave
ssction of line at the operating frequency is often
needed. If one-fourth the wavelength in free space
were required, the length could simply be com-
puted hy formula, But the electrical length of a
line is always greater than the measured length;
theretore the velocity factor of the coax should
he taken into account, This will assure your getting
the proper line length to within a few inches, To
get 4 guarter-wave line, attach a loop to une end,
leave the uther end open, and dip. Trim until the
dip is a1 the desired frequency. When ihe dip is
where you want it, You have your quarter-wave
line (or any odd maultiple of a quarter wave, for
that matterh.

For a half-wave line, do the saine as described
above, except that the far end should be shorted,
and a small coupling loop for the dipper should he
used at the near end of the line. If the line is of
reasonably good quality, the dip should be quite
sharp in both cases.

Fig. 5 —~ A method for tracing hidden pipes or
wiring using a bc receiver and a dipper.
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Tuv measure the velocity factor of a line, simply
severse the procedure: find the frequency at which
the iength of line is resonant (far end open),
messure the length, and use the tormuia:

o 11

246

where f 18 the resonant frequency, £ is the length in
feet, and ¥ is the velocity factor. For long lines,
mreater than a guarter wavelength ut the lowest
frequency seached by the dipper (rarely the case in
an amateur installation), & Hoe terminated in an
upen circuit will be resonant at any odd multiple
of # quarter wavelength, In this case, however, it
may be necessary to check at severai frequencies to
be sure that ane has the correct number of quarter
waveiengths,

Miscellancous

Sitmply because it 1s an oscillator with a wide
tuning range, the dipper can serve as a signal
pepwrator, both for approximate sligoment of
receivers and for supplying f for antenna mea-
siurements.

A dipper can also act as a nentralization
indicator. When the dipper #s coupled to the plate
tank of a transmitter stage, tuning the prid tank
through resonance will cause a dip it the stage is
not neutralized. This method has the advantage of
not requiring that the transmitter be furned on to
make the check, A dipper can also be used in the
atsorption-frequency-meter mode to detect rf in
the plate circuit when the grid is driven.

A troublesome problem in transmittezs, boih
tibe and solid state, is that of parasitic oscillations.
The dipper can often be most helpful in de-
termining the frequency of the parasitics and in
identitying the resonances responsible.

In the oscillating mode of the dipper, par-
ticularly if regencration is adjustable, 2 dipper can
serve as a field-strepgth indicator. A short antenna,
atwut 20 inches of stift wire connected to the hot
end of the Jdipper col will serve to pick up the
signal.

A dipper, when ifs signal is pieked up on x
communications receiver, ¢an be used to locate
metal, As the coil is brought close to the metal, the
dipper oscillator will be detuned, and the change in
pitch of the beat note in the receiver will enable
ore to locate the metal easily. See Fig, 4.

Hidden wiring or metal piping can also be
traced by inducing an cf current in the metal, and
following it while monitoring the dipper’s signal in
a be receiver, {see Fig. 5.) In fhis case, however, use
the weakest gignal that will give adequate response,
hoth o secure more accurate [oeations and to cut
down on the interference possibilities to broadeast
reception in your neighborhood, Whenever a small
be receiver is used for tests like these, it is best to
try the techniques first on a piece of wire you can
see and become familiar with the method and the
hehavior of the equipment, us otherwise one can be
intisied by the ave action of the receiver.

(Continued on page 33}
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Testing and Operation

The amplifter is unconditionatly stable, with no Table |
patasitics, To verify this, a zero bias check for )
stability was made. This involved shorting out the Ferformance Lata
Zener diode in the cathode seturn lead, reducing Power input, watts 1000 1600
bias to essentially zero volts, Plate voltage was Plate voltage 2600 2450
applied. allowing the tube to dissipute about 58S Plate current {single tone) 385 mA G60 mA
watts, The input and oufput circuits were then ?_lagga;,‘urrent fidling) 50 T’,A S0 mA
tuned through theit ranges with no loads attached. (;::d c:,larsrent (single tone) g‘;}mA gfr:{A
There was no sign of output on the rc.laltlve output Dirive power, watts 12 A1
meter and no change in the plate a"“.d. grid cuirents. Efficiency lapparent) 59.5 % 61.8%
Ax with most cathode-driven amplifiers, there is 2 Power gain {apparent) 15.2dB 13.9dB
slight interaction between grid and plate corvenis Power output, watts 595 fale]
during normat tune-up under ri-applied conditions,

Thiy shiould not be misconstrned as amplifier .
inctahi]itv ‘ HsEons i Aamp Next, furn on the tube heater and blower simul-

taneously, allowing 90 seconds for warm-up, Plate
cathode return line will result in values of bigs Peiential between 2400-3000 volis then may be
voltage and idling plate currents other than those _“"Pphcd and ts presence vesified on the mul.tlmetgr.
listed in Table f. The IN3311, a M-porcent The Power st}pply should be able to deliver R'U{l
mA ar so, With the VOX relay actuated, resting
current showld be indicated on the cathode meter,
A small ammouant of drive is applied and the plate
) ] o . tank circuit funed for an indication of maximum
_ All testing and actual operation of this umpli-  elative power output, The vuthode circuit can now
fier was conducted with a4 Raytrack highvoltage e reconated, tuning for minimum reflected power
power supply used in conjunction with the authors  on the reffectometer, and not for maximum drive
G-meter amplifier, The power supply control and  power transfer. Tuning and loading of the plate
vutput cable harness was woved from one umpli-  gank circuit follows the standard sequenee for any
fier to the other, depending on the desired fre- cathode driven amplifier. Resonance is
yuency of operation, accompanied by o moderate dip in plate/cathode
Dirive requirements were measured for plate  cuirent, a rise in grid current and » considetable
power-inpit levels of 1000 and 1600 watts with 2 increase in relative power output, Plate-courrent dip
#ird model 43 Thiu Line Wattmeter and a plug of iy not absolutely coincident with maximum pawer
known accoracy. Output power was measyred  output but 3t s very close, Tuning and oufpnt-
simmlianecusly  with drive requirements at the loading adjustments shondd be for maximum effi-
IOy und 1600 watt plate power inpui levels. A ciency and output as indicated on the output
second Bird model 43 with a 1000-watt plug was  mefer, Final adjustment for lowest VEWR at
used to mrewsure amplitier output into ¢ Bird  amplifier input shiould be Jdone when the desired
L00-watt  Termaline Toad. A 2500-watt plug  plate input-power level has been reached.

Tolerances of the Zener dJdiode used in the

tolerance unit, iy rated at 12 volts nominal but
actually operates at [0 volis in this amplifier
(within the 20-percent toletance).

wolld be necessary to defermine oufput power ai Acknowledgements

the 2-kW input level, so ) stopped at the 1000-wakt . . o .

output point and worked backwards to culeulate | would like to capress my pratitude to my
apparent stage main and efficiency. colleagties at MIT Lincoln Tabotatory for their

assistance in this project. 8pecial thanks go to Ted
Simmington, WiiQT; Lew Coltins, K4GGE and Leo
Witber, WiMV, for their excellent commeats vn
the vonstruction postion of this article, and to M.
Eino O, Gronroos, for his objective review of the

Efficiency meusurements ulso were made em-
ploying the ‘“‘tube airstreamn heai-differential™
method. Several mns were made at R85 watis static
dc and normal rt’ input. Apparent efficiencies of 62
to &7 percent were noted, These values were ubout

Sepezeent higher than the actual power output technical manuscript, BEE3
values given in Table [, Both efficiency measure- B References
ment schemes serve to confiem that the amplifier is 5) Cool Amp Silver Plating Powder, part No.

operating at the upper lmit of the theoretical 1233-500, available from The Cool Amp Co., 8603

50-6l-percent cfficiency range for tyvpical Class o W-17th Ave., Tortland, OR 97219,

AR amplifiers. 6) Tube socket grid clips, part No. 149-842,
‘ plirie: ) and Teflon chimney, part No, SK-2216, available
To commenee routing operation, the variuble trom Eimae Division of Varian, 301 Indusirial

capacitor in the input circuif shouid be set at the Wa?ﬁ”ﬁ;ﬁg%g%ﬁ:ﬁ;ﬂ; s VHF Manual, 2nd
point where lowest input VSWR was obtained ggition, p, 288%. (This Edition was erroncously
during the “cold tube™ initial tube-up, The ability labeled as the 11th i the time of printing.)

of the plate tank to resonate at 144-145 MHz with | s .
the top cover in place should be verified with a | te Art of Dipping . ) )

gridudip meter, via 4 one-turn link attached to the (Continued from page 1%}
7f output connector, ('op and bottom cavery are These twenty reasons are not all  the
then secured, As with all cathode driven amplfifiers, possibilities, but seemn to be among the most
excitation should never be applied when the tube  mnportant, and illustzate why a dipper Is 2 handy

heater is activated and plate voltage is removed.  thing to have around the ham workshop.  [g&¥]
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