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FIGURE 1. View of the TYPE 821-A Twin-T Impedance-Mcasming Circuit with
cover removed. The airplane-Iuggaue type of case is provided with a carrying handle
and the instrument is easily portable. Cotmecting cables and instruction book are

mounted in the cover.

A NEW NUll INSTRUMENT FOR
MEASURING HIGH· FREQUENCY
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NOTES ON CARE AND

MAINTENAl'iCE OF

VARIACS 6

• THE 0 E S I G N of impedance-measuring
equipment, in general, involves two funda­
mental choices, namely, the selection of an
impedance standard, or standards, for com·
parison with the unknown impedance, and
the selection of a method for indicating when

a known relation between them is established.
It has been common experience that null methods of comparison

yield the highest precision of setting. At commercial and audio fre­
quencies, where there is relatively little difficulty in obtaining adequate
impedance standards, bridge methods have therefore found almost

....I
C
C-)

U)

z:
C)-....
c
C-)

....I
0­
0­
C

....I
C-a::::....
en=c
z:

a::::
L&.I
:c....
c
z:
c
U)....
z:
L&.I

::E
L&.I
ce::

=en
c
L&.I

::.:e



C·

Clll

b

d

COO

R

)---~c

THEORY OF OPERATION

The basic circuit used is illustrated in
Figure 2.

Balance is obtained when the transfer
impedances3 of the two parallel T cir­
cuits a-b-c and a-d-c are made equal
and opposite. For this condition the bal­
ance equations hecome :

FIGURE 2. Basic circllit diagram of Twin-T
impedance-measuring circuit. Losses in the tun­
ing coil, L, are represented by the conductance,

CL, to simplify the balance equations.

universal acceptance. the frequency
is rai ed, however, residual parameters
in the impedance standards and in the
wiring cause more and more serious
departures from idealized behavior,
and, at radio frequencies, it is generally
found that bridges de igned for low­
frequency operation become so inac­
curate as to be useles .

Tln'ough proper choice of impedance
standards and improvement in circuit
configurations, the upper frequency limit
for accurate bridge measurements has,
in recent years, been progressively in­
creased. This process of rellnemen t, how­
ever, restricts more and more everely
the choice of bridge circui ts tha t can be
used and thereby limits the convenience
and adaptability that can be obtained.

Another approach to the problem of
obtaining suitable null methods at high
frequencies can be made by devising en­
tirely different types of circuits rather
than by refining existing bridge circuits.
The new parallel-T circui ts,l for instance,
are generally adaptable for this service,
and the TYPE 821-A Twin-T Impedance­
Measuring Circuit, described in thi
article, uses one that has been found par­
ticularly satisfactory.2

I\:. . Tuttle, "Bridgcd-T and Pltndlel-T Null Circuits
for M-easurement8 nt Radio Frequencies," Proc. LR.E.,
Vol. 28, "". 23-29, Jan"a.,'. 1910.

20. B. Sinclair, "The Twin-T. A New TYilC of lull
Instrument for l\1easuring Impedance at Frequencies Ul) to
30 Megacycles," Proc. l.R.E., Vol. 28. pp. 3"10-318, July,
1910.

(1)

(2)

1£ the circuit is initially balanced to a
null and then rebalanced by means of the
condensers, Co and CB , when an un­
known admittance, Yx = Gx + jBx , is
connected to the terminals marked

NK OW in Figure 2, the unknown
conductive and susceptive components
can be found from

Rw2C'C"
Gx = C'II (C02 - Cm) (la)

B x = W(CBl - CB2) (2a)

in which COl and CBl repre ent capaci­
tance values for initial balance, and
CO2 and CB2 capacitance values for final
balance.

ADVANTAGES OF CIRCUIT

Used in this way, the circuit is seen to
provide a parallel-substitu tion measure­
ment of the unknown admittance, with
the conductive component proportional
to the incremental value of one variable
air condenser and the susceptive com­
ponent proportional to the incremental
value of another air condenser. Since
each balance is independent of the
other, the circuit is well fitted for use in

3De6ned as tbe ratio of the input voltage to the output
current when the output terminals are short-circuited.
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3 EXPERIMENTER
a direct-reading instrument for measur­
ing admittance.

Two features of the circuit that make
it particularly useful for measurements
at radio frequencies are:

1. There is a common ground point
for one side of the generator, one side of
the detector, one side of the conductive­
balance condenser, Ce, one side of the
susceptive-balance condenser, Ca, and
one side of the unknown admittance, Yx '

ot only does the common ground elim­
inate the need for the shielded trans­
former required in bridge circuits, but it
renders innocuous many of the residual
circuit capacitances, as can be seen from
Figure 2. Capacitances from points a
and c to ground, for instance, fall across
the generator and detector where they
cause no error. Capacitances from
points band d to ground fall across the
susceptance-balance condenser, Ca, and
the conductance-balance condensel', Ce.
When substitution measurements are
made in terms of capacitance incre­
ments they cancel out.

2. The c;onductive component is meas­
ured in terms of a fixed resistor and a
variable condenser. This combination,
providing the equivalent of a continu­
ously variable resistance standard, has

been found much freer from residual pa­
rameters than any variable resistor yet
devised.

These two featmes, in themselves,
either minimize or eliIllinate certain un­
wanted residual parameters. The general
circuit arrangement, in add ition, dis­
poses of others. Capacitance between
points a and b of Figm'e 2, for instance,
falls acros condenser C', capaci tance
between points band c falls across con­
denser C", and capacitance between
points a and d falls across condenser
CIt'. These residual capacitances can all
be included as parts of the various capac­
itances listed and taken into account in
the instrument calibration.

DESCRIPTION OF INSTRUMENT

Figure 4 is a panel view of the TYPE
821-A Twin-T Impedance-Measuring
Circuit. The controls, shown in the
photograph, are:

1. A precision-type variable air con­
denser used to measure susceptive com­
ponents and having a dial directly cal­
ibrated from 100 to 1100 f.L1J.f.

2. An auxiliary condenser, consisting
of a bank of fixed condenser controlled

F1GURE3. Vicw ofsuscept­
ancc condenser Ca show­
ing the two aluminum
blocks used to feed from
thc stator to the internal
circuit and to the panel
terminal, and brass discs
grounding the rotor to the
frame through low-induc-

tance brushes.
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by push buttons and a small variable
condenser, in parallel with the suscept­
ance condenser, used to establish the
initial susceptance balance at any chosen
setting of the susceptance condenser.

3. A coil s,\itch, marked with the fre­
quency range covered by each tuning coil.

4. A variable air condenser used to
measure conductive components and
having two scales, one reading from 0 to
100 11IIIhos and one reading from 0 to 300
/.Lmho.

5. A 4-posi tion swi tch used to e tab­
lish a scale on the conductance dial from
o to 100 /.Lmhos at 1 Mc, from 0 to 300
Jlmhos at 3 Mc, from 0 to 1000 /.Lmhos at
10 Mc, and from 0 to 3000 /.Lmhos at 30
Mc. At other than the e discrete fre­
quencies, the dial reading must be mul­
tiplied by the square of the ratio of the
Crequency used to the nominal frequency
indicated by the 4-position switch.

6. Two small variable condensers, in
parallel with the conductance condenser,
used as coarse and fine controls to estab­
lish the initial conductance balance at
zero setting of the conductance con­
denser.

APPLICATION OF INSTRUMENT
Greatest convenience is obtained with

the Twin-T in the measurement of ad­
mittances having relatively small con­
ductive components since, for these
measurements, the instrument is direct
reading. By the use of series fixed con­
densers, however, admittances haviog
relatively large conductance components
can al 0 be measured.

In the first class, namely, admittances
having small conductive components,
rail condensers, coils, dielectric samples,
parallel-tuned circui ts, high-resistance
uni ts, and antenna and unterminated
transmission lines near half-wave res­
onance. In the second class, namely, ad­
mittances having large conductive com­
ponents, fall series-tuned circui ts, ter­
minated trallsmissionlines and matching
sections, and antennas and unterminated
transmis ion lines near quarter-wave
re onance. Some typical mea urements
on a few of these device will serve to
indicate the general technique of mea ­
urement.

1. Measuremen t of a 500 /.L/.Lf con­
denser at 10 1c.

Set the 4-position switch at 10 ~Ic and
the coil swi tch on the 10.0 20.0 Mc

FIGURE 4. Panel view of
experimental model of
T win -Tim p e dan c e­
measuring circuit. t the
left of the panel are the
susceptance condenser
( PA ClTA TCE I"l"f)
and the auxiliary tuning
condenser (AUX.
TUNING CAP.). At the
right are the conduct­
ance condenser (CO ­
o CTA E I"mho), and
lhe parallel tri mmer con­
denscrs (1 ITIAL
BALANCE). The remain­
ing controls (FREQ.
HA GE) arc the coil
switch, at the left, and
lhc cond"ctance rangc

switch, a l lhc right.



5 EXPERIMENTER
range. Set the susceptance condenser at
some high value, say 1000.0 ,ul.tf, and the
conductance condenser at zero. By vary­
ing the auxiliary condenser in parallel
with the susceptance and conductance
condensers, adjust to an initial balance.

Connect the condenser to be meas­
ured across the UNK OWN terminals
and, with the susceptance and conduct­
ance conden ers, adjust to a final bal­
ance. Let the su ceptanee condenser
setting be 442.4 ,u,uf and the conductance
condenser setting be 80 ,umho.

Then the unknown parallel capaci­
tance, Cx, and conductance, ex, are:

Cx = 1000.0 - 442.4 = 557.6 ,u,uf
ex = 80,umho

If it is desired to express the con­
denser loss m terms of dissipation
factor, D x :

D -~
x - wC

x

80 X 10-6 X 100
-271"-X-10-7-X-5-5-7-.6-X-1-0---12 = 0.23 0

2. Measurement.of 1 ,uh coil at 25 Mc.
Set the 4-position switch at 30 Mc and

the coil swi tch on the 20.0-45.0 Me
range. Set the susceptance condenser at
some low value, say 100.0 ,u,uf, and the
conductance dial at zero. Establish the
initial balance as described in the pre­
vious example.

Connect the coil to be measured across
the U K OW terminals and establish
tbe final balance as before. Let the sus­
ceptance condenser setting be 139.8 ,u,uf
and the conductance condenser setting
be 90 ,umho.

Then the unknown susceptance, B x ,

and conductance, ex, are:

B x = 27r X 25 X 106(100.0 - 139.8) X
10-12 X 106 = -6250,umho

ex = 90 X G~)
2

= 62.5 ,umho

The unkno\\ n parallel inductance, Lx,
and storage factor, Qx, can easily be
found to be:

106

L = -----------
x 271" X 25 X 106 X 6250 X 10-6

= 1.02 ,uh

6250
Q = - = 100

x 62.5

3. Measurement of matched 72-ohm
coaxial line at 830 kc.

Set the 4.-position switch at 1 Mc and
the coil switch on the 620-850 kc range.
Establi h an ini tial balance wi th the
conductance condenser set at zero and
the susceptance condenser at some value
near mid-scale. Connect the impedance
to be measmed to the U K OW ter­
minals ,\ith a mall "postage-stamp"
type fixed condenser in serie wi th the
ungrounded lead. Change tbi eries con­
denser to find the large t value for
which a balance on the conductance dial
can be obtained. Say this is 150 ,u,uf,
nominal value.

Leave the ground terminal of the un­
known impedance connected to the
grounded U K OW terminal. With
the fixed condenser connected to the
ungrounded K OW terminal, but
free at the far end, establish an initial
balance with the conductance condenser
set at zero and the susceptance con­
denser at some relatively high value,
say 500 ,u,uf.

Connect the free end of tbe series con­
denser, Ca, to the grounded U K OWN
terminal and rebalance. If there is any
appreciable change in conductance bal­
ance, rebalance wi th the zero-adjustment
trilllmers across the conductance con·
denser, leaving the conductance dial set
a t zero. Le t the usceptance condenser
reading be 352.5 ,u,uf. Then:
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From these figures, the resistance and
reactance are:

- 6 ohms

- D. B. 51 CLAIH

The reactance of the line itself is found
by subtracting the reactance of the series
condenser :4

500 - 352.5 = 147.5 Ililf

-1

27f X 830 X 103 X 147.5 X 10-12

= - 1300 ohms

Disconnect the far end of the series
condenser from the grounded UN­
KNOWN terminal and connect it to the
ungrounded terminal of the unknown
impedance. Rebalance with the suscept­
ance and conductance condensers. Let
their readings be 353.6 Ililf and 60.8
Ilmho. Then the conductance and sus­
ceptance components of the series cir­
cuit are:

41.9 X 10-6

R=
(7642+ 41.92)10-12

-764 X 10-6

X=
(7642+ 41.92)10-12

R x = R = 71.6 ohms

Xx = - 1306 - (- 1300)

71.6 ohms

- 1306 ohms

'The possibility of making substantial en"ora in reactance
through laking the difference between two large numbers
can be avoided hy assuming that the conductance, C. is
negligible compared with the susceptance. n, and taking
the difference between the reactances corresponding to
147.5 J.LJ.tf and 146.4 J,lJ.L(. This gives a rough check figure of

10" ([46.4 - 147.5)
X = 2.. X 830 X 10' 146.4 X 147.5 = -10 ohm.

Price

Accessories Supplied: Coaxial cables
for connections to generator and detector.
Ac c e s s 0 r i e s Re qui red: A suitable radio­
frequency generator and detector are required.
Either TYPE 684-A Modulated Oscillator (with
the addition of a coaxial output jack) or TYPE
605-A Standard-Signal Generator is a satisfac­
tory generator. A well shielded radio receiver
covering the desired frequency range is recom­
mended for the detector.
M 0 u ntin g : The instrument is mounted in an
airplane-luggage type of case with carryi ng
handle and removahle cover.
Dimensions: 17%x 12 x 9Y2 inches, over-all.
Net Weight: 26 pounds.

Code Word

(
0.83)2

G = -1- X 60.8 = 41.9 Ilmho

R 27f X 830 X 103 X (500 - 353.6)

X 10-12 X 106 = 764 Ilmho

SPECIFICATIONS
Frequency Range: 420 kc to 30 Mc.
Cap a cit an ceRa n g e: 100 to 1100 p,p,f on
standard condenser, direct reading.
Conductance Range:

o- 100 p,mho at 1 Mc (o- 300 p,mho at 3 Mc. .
0- 1000 p,mho at 10 Mc Direct ReadlLlg
o- 3000 p,mho at 30 Mc

Between these direct-reading ranges the range
of the conductance dial varies as the squa"e of
the frequency.

Ac cur a c y: ± 1 I-lp,f ± 0.1 % for capacitance.
For conductance, ± O.J% of full scalc ± 2%
of actual dial reading.

Type

821-A LAGER $340.00

NOTES ON THE CARE AND MAINTENANCE
OF VARIACS

• M UCHI NT ERE S T has been shown
in the recent article in the General
Radio Experimenter which outlined a
general maintenance and service pro­
gram for General Radio instruments. A

number of requests for maintenance
notes on particular instruments have
now been received, and, because of the
fact that over 35,000 Variacs are in use,
it is believed that many customers




