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A NEW NULL INSTRUMENT FOR
Alie MEASURING HIGH-FREQUENCY
IMPEDANCE

® THE DESIGN of impedance-measuring

IN THIS ISSUE

Page
NSRS O, ik A, equipment, in general, involves two funda-
MAINTENANGE OF mental choices, namely, the selection of an
VARTACE &\ o5iiss 0 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
vield 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

Ficure 1. View of the Tyre 821.A Twin-T Impedance-Measuring Circuit with

cover removed. The airplane-luggage type of case is provided with a carrying handle

and the instrument is easily portable. Conneeting eables and instruction book are
mounted in the cover.
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1 circnit. Losses in the tun-

sei
ing eoil. L. are n-})ru csented by the conductance,
(i1, to simplify the balance equations,

universal acceptance. As the frequency
is raised, however. residual parameters
in the impedance standards and in the
BETIOUS

more and more

idealized

wiring cause

departures  from behavior,
and, at radio frequencies. it is generally
found that bridges designed for low-
frequency operation become  so inaec-
curate as to be useless.

Through proper choice of impedance
standards and improvement in circuil
configurations. the upper frequency limit
for accurate bridge measurements has,
in recent years, been progressively in-
creased. This process of refinement. how-
ever, restricts more and more severely
the choice of bridge circuits that 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-
cuits rather

tirely different types of
than by refining existing bridge eireuits.
The new parallel-T cirenits,' for instance,
are generally adaptable for this service,
and the Tyee 821-A Twin-T lmpedance-
Measuring Circuit. described in  this
article, uses one that has been found par-
ticularly satisfactory.”

N. "Hridged-T and Parallel-T Null Circuits
t» st Hadio Freguencies,” Proc. LRE,,

-29, Janpary, 1940,
lwir, “The Twin-T. A \1-u

Typo of \..u

THEORY OF OPERATION

The basic circuit used is illustrated in
Figure 2.

Balance is obtained when the transfer
impedances’ of the two parallel T cir-
cuits a-b-¢ and a-d-¢ are made equal
and opposite. For this condition the bal-
anee equations become:
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If the cirenit is initially balanced to a
null and then rebalanced by means of the
condensers. €y and Cg, when an un-
known admittance, Y. = G. + jB.. is
conmected to  the terminals marked
UNKNOWN in Figure 2, the unknown
conductive and suseeptive components
can be found from

Ru*C'C"
Gi= _‘icmg (Cga — Cqgs) (1a)
B, = w(Cpi — Cg2) (2a)

in which €y, and Cp, represent capaci-
tance values for initial balance, and
Cis and Cpe capacitance values for final
halance.

ADVANTAGES OF CIRCUIT

Used in this way, the circuit is seen to
provide a parallel-substitution 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
cach balance is independent of the
other. the circuit is well fitted for use in
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current when the output terminals are short-cirenited.
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a direct-reading instrument for measur-
ing admittance.

Two features of the eircuit 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 conduetive-
balance condenser, Cg. one side of the
susceptive-balance condenser, Cp, and
one side of the unknown admittance. Y,.
Not 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 ¢ to ground, for instance, fall across
the generator and detector where they
cause no error. Capacitances from
points b and d to ground fall across the
susceptance-balance condenser, Cy, and
the conduetance-balance condenser. Cy.
When substitution measurements are
made in terms of capacitance inecre-
ments they cancel out.

2. The conductive 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

> EXPERIMENTER

been found much freer from residual pa-
ramelers than any variable resistor yel
devised.

These two features. in
either minimize or eliminate certain un-

themselves,

wanted residual parameters. The general
circuit arrangement, in addition, dis-
poses of others. Capacitance between
points a and b of Figure 2, for instance,
falls across condenser €', capacitance
between points b and ¢ falls across con-
denser (", and capacitance between
points @ and d falls across condenser
C"". 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 Tyre

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 1o 1100 gl

2. An auxiliary condenser. consisting

of a bank of fixed condensers controlled

Fioure 3. View of suseept-
ance condenser (g show-
ing the two aluminum
blocks uged to feed from
the stator to the internal
circuit and to the panel
terminal, and brass dises
rrounding the rotor to the
lJ:rulm- through low-indue-
tance Tlrni-‘-iwﬁ.

IET

534 Main Street, Westbury, NY 11590

IET LABS, INC inthe GenRad tradition

www.ietlabs.com
TEL: (516) 334-5959 +(800) 899-8438 * FAX: (516) 334-5988



GENERAL RADID g

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 switeh, marked with the [re-
quency range covered by each tuning coil,

1. A variable air condenser used to
measure  conductive -components and
having two scales, one reading from 0 to
100 umhos and one reading from 0 to 300
ummhos.

5. A 4-position switch used to estab-
lish a seale on the conductance dial from
0 to 100 gmhos at 1 Me. from 0 o 300
umhos at 3 Me. from 0 to 1000 gmhos al
10 Me, and from 0 to 3000 gmhos at 30
Me,

quencies, the dial reading must be mul-

At other than these discrete fre-

tiplied by the square of the ratio of the
frequency used to the nominal frequency
indicated by the 4-position switch.

6. Two small variable condensers. in
parallel with the conductance condenser.
uged as coarse and fine controls to estab-
lish the initial conductance balance at
zero selting 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 having

relatively large conductance components
can also be measured.

In the first class. namely, admittances
having small conduective components.
fall condensers, coils, dielectric samples,
parallel-tuned  cireuits, high-resistance
units, and antennas and unterminated
transmission lines near half-wave res-
onance. In the second elass. namely, ad-
mittances having large conductive com-
ponents, fall series-tuned ecirenits, ter-
minaled transmisgion lines and matching
sections, and antennas and unterminated
transmission  lines

near (uarter-wave

U measurements

resonance. Some Lypi
on a few ol these devices will serve 1o
indicate the general technique of meas-
urement.

1. Measurement of a 500 gul con-
denser at 10 Me.

Set the d-position switch at 10 Me and
the 10.0-20.0 Me¢

the coil switch on

CAPAGITANCE
-

UNERO W

Tow - ¥
WAETANDT - W My CACUN
o

Fieure 4. Panel view of
experimental model of
Twin-T impedance-
measuring circuit. At the
left of the panel are the
susceplance condenser
(CAPACITANCE  upuf)
and the auxiliary tuning
condenser (AUX.
TUNING CAP.). At the
right are the conduet-
ance condenser (CON-
DUCTANCE gmho), and
the parallel trimmer con-
densers (INITIAL
BALANCE). The remain-
ing controls (FRE(Q).

RANGE) are the coil
switch, at the left, and
the conduetance range

switeh, at the right.
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range. Set the susceptance condenser at
some high value, say 1000.0 yuf, and the
conductance condenser at zero. By vary-
ing the auxiliary condensers in parallel
with the susceptance and conductance
condensers, adjust to an initial balance.

Connect the condenser to be meas-
ured across the UNKNOWN terminals
and, with the suseeptance and conduct-
ance condensers, adjust to a final bal-
ance. Let the susceptance condenser
setting be 4424 puf and the conductance
condenser setting he 80 umho,

Then the unknown parallel capaci-
tance, C.. and conductance, G, are:

C. = 1000.0 — $42.4 = 557.0 uul
G, = 80 umho

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

B e
wC;
80 > 1077 x 100

2x ¥ 107 X 557.6 X 10-12
2. Measurement.of 1 gh coil at 25 Me.

Set the d-position switch at 30 Me and
the coil switch on the 20.0-15.0 Me
range. Set the susceptance condenser at
some low value, say 100.0 guf, and the
conductance dial at zero. Establizh the
initial balance as deseribed in the pre-

= (.239;

vious example,

Conneet the coil to be measured across
the UNKNOWN terminals and establish
the final balance as before. Let the sus-

ceptance condenser setting be 139.8 uuf

and the conductance condenser setting
he 90 gmho.

Then the unknown susceptance, B..
and conductance, .. are:

B, = 2r X 25 X 10%100.0 — 139.8) X
10712 X 108 = —6250 yumho

25\?
G, = 9% X (—;(—i) = 62.5 umho

> EXPERIMENTER

The unknown parallel inductance., L.,
and storage factor, (.. can easily be
found to be:

107
2% X 25 % 10° 36250 X 10~

= 1.02 uh

L.=

6250
= —t = 100
62.5
3. Measurement of matehed 72-0hm
coaxial line at 830 ke,

Set the 4-position switch at 1 Me and
the coil switch on the 620-850 ke range.
Establish an initial balance with the
conductance condenser set at zero and
the susceptance condenser at some value
near mid-scale. Connect the impedance
to be measured to the UNKNOWN ter-
minals with a small “postage-stamp™
type fixed condenser in series with the
ungrounded lead. Change this series con-
denser to find the largest value [for
which a balance on the conduetance dial
can be obtained. Say this is 150 guf,
nominal value.

Leave the ground terminal of the un-
known impedance connected to  the
grounded UNKNOWN terminal. With
the fixed condenser connected to the
ungrounded UNKNOWN terminal, but
free at the lar end. establish an initial
balance with the conductance condenser

set at zero and the suspeptanee con-
denser at some relatively high value.
sy 50 p.t.uf.

Connect the free end of the series con-
denser, C.. to the grounded UNKNOWN
terminal and rvebalance. IT there is any
appreciable change in conductance bal-
ance, rebalance with the zero-adjustment
trimmers across the conductance con-
denser, leaving the conductance dial set
at zero. Let the susceptance condenser
reading be 352.5 ppf. Then:

IET
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C. = S0 — 352.5 = 147.5 pul

—1
0 X 1475 X 10"
= — 1300 ohms

2% % 830 X |

far end of the series
from the grounded UN-
KNOWN terminal and connect it to the
||l|=_'rl'l""l"d

Disconnect the
condenser

terminal of the unknown
impedance. Rebalance with the suscept-
ance and conductance condensers. Let
their readings be 353.0 pul and 60.8
pmho. Then the conductance and sus-
ceptance components of the series cir-
cuit are:

i (.83\*
G = ( l ) * 60.8 = 419 gmho

B = 27 X 830 X 10* X (500 — 3533.6)
X 107* x 10° = 764 umho

I'rom these figures, the resistance and

reactance are:

o Lg X0
T (768 + 41,9910

=164 X 10
T (7642 + 41,9910

71.6 ohms

1306 ohms

The reactance of the line itsell is found
by subtracting the reactance ol the series
condenser:!

R. = R = 71.6 ohms

ok 1306 — (— 1300)
= — 0 ohms

— D. B. SiNcrag

“The possibility of making subspantial ervors in reactance
through taking the differcnce between two large uumlwn
can _he avoided by assuming that the conductance,
negligible compared with the susceptance, #. and lnhlllu
the difference betweoen the resclinces corresponding 1o
147.5 uufl and 140.4 uuf. This gives a rough clhieck figure of

" 100 1864 — ln:.) e A
T 2x X AM0 X 10° L1464 X 1175 o

SPECIFICATIONS

Frequency Range: 420 ke to 30 Me,
Capacitance Range: 100 to 1100 uuf on
standard condenser, direct reading.,
Conductance Range:

0 — 100 wmho at 1 M (
0300 umho at 3 Me 4 .
0~ 1000 gmhio at 10 M.:$ Direct Reading

0 3000 wmho at 30 Me
Between these direct-reading ranges the range
of the conductance dial varies as the square of
the frequency.
Accuracy: = 1 uuf -+ 0.17; for capacitance,
For conductanee, == 0.1, of full scale = 29
of aetual dial reading.

Tvpe

B21-A

r Code Waord

Accessories Supplied: Coaxial cables
for connections to generator and detector.
Accessories Required: A suitable radio-
freq uency generator and detector are required.
Either Tyre 684-A Modulated Oseillator (with
the addition of a coaxial output jack) or Tyre
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 de
Mounting: The instrument is mounted in an
airplane-luggage type of case with carryving
handle and remov nllh cover,

Dimensions: 173, x 12x
Net Weight: 26 pounds.

915 inches, over-all.

Price
$3 10.00

LAGER

NOTES ON THE CARE AND MAINTENANCE
OF VARIACS

® MUCH INTEREST has been shown
m the article in the General
Radio Experimenter which outlined a

recent

general maintenance and service pro-
gram for General Radio instruments. A

number of requests for maintenance
notes on particular imstruments have
now been received, and, because of the
fact that over 35,000 Variacs are in use,

that many customers

it is believed

@
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would weleome specific instructions for
the maintenance of these controls,
Inspection of the Variacs returned for
repairs shows such conditions as worn
brushes and damaged windings to be

prevalent. Careful maintenance

most
would have prevented most of this dam-
age, with the exception of that caused by
overloading.

The brushes should be inspected regu-
larly to make certain that excessive wear
has not taken place. The interval be-
tween inspections may be determined by
the [requency at which the Variae volt-
s are changed. When the

settir
brush is worn the brass holder may come
in contact with the winding surface and

ape
ag

cause immediate (using ol the turns
short-vircuited by the holder. A worn
brush may also cause arcing to the wind-
ing. and the resultant roughened areas
on the contact surfaces will cause fur-
ther wearing and damage to both the
brush and the winding. It is recom-
mended that a small stock of rt‘plat'l‘-
ment brushes be ordered as part of the
maintenance procedure.

Many Variacs are operated in loca-
tions where there is considerable dirt.
dust, and grit. and even corrosive [umes.
Such Variacs require frequent cleaning
of the winding in order to insure positive
contact between the brush and the wind-
ing. If this is not done. erratic operation
may result. due to arcing and lack of
proper contact, so that eventually the
winding must be replaced.

When the surface on which the brush
bears becomes blackened or corroded. it
should be cleaned with eroeus cloth or a
very fine sandpaper. making certain
that all rough places are smoothed. Re-
move the loose particles with a fine
brush and then clean with carbon tetra-
chloride or some similar highly volatile
cleaning agent.
heating usually  will

Excessive be

IET
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caunsed from too much current flowing in
the load circuit. The portion of the
winding affected depends in most in-
stances upon the position of the brush.
While the winding may not be damaged
if the overload is removed quickly, the
carbon of the brush may disintegrate. A
new brush should be installed before the
Variac 1s again placed in service.

Overheating the winding will cause
the turns to loosen and. in cooling, they
may not return to their original posi-
tions. A raised turn may cause a brush
to wear excessively or even break.

The instructions that are included in
every Variac shipment state that. when
a Variac is used to control the voltage in
the primary of a high-voltage trans-
former or other highly inductive load. it
is necessary that either the voltage set-
ting of the Variac be reduced to zero or
the output circuit opened before the line
circuit is broken. I neither of these
procedures is followed. it is possible that
a surge will cause serious damage to the
winding, although each Variac is tested
with 2000 volts d-¢ between the winding
and the frame.

www.ietlabs.com
TEL: (516) 334-5959 «(800) 899-8438 « FAX: (516) 334-5988



GENERAL RADIO

Since the Variacisan auto-transformer,
it should never be connected to a load
circuit containing a ground. The only
exception is when one side of the line

and one side of the load are both

grounded: these may be connected to the
common input-output terminal of the
Variac.

Adequate fusing in both line and load
circuits is recommended. Replacement
fuses are considerably cheaper than re-
placement Variacs. H. H. Dawes

MISCELLANY

®AT THE ANNUAL BANOQUET
of the I",mlmrium Section. [.R.E.. 11.B.
Richmond, Treasurer of the General
Radio Company. was the guest speaker,
His subject was "Observations of an
Engineer on the Continent and in the
Near East on the Threshold of War.™

®THE FOLLOWING ERRORS
oceurred in the December issue of the
Experimenter.
In the caption to Ficure 3, R, at 10
Me should be 0.13 Q.
In the caption to Ficure 9, the values
for R, should be
0.004 2at 2 Me
0.007 2at 5 Me
0,01 Qatl0 Me
In the deseription of Tyer 318-C Dial
Plate, it was stated that the scale pro-
gresses in a counterclockwise direction,

As the photograph clearly shows. the
progression is clockwise. In addition. the
photograph should show a nickel silver
border around the dial. identical with
that on Typre 318-B.

O@EFFECTIVE JANUARY 1, the
price of the replacement Type 631-P1
Strobotron for use in Tyre 631-B Stro-
botac is reduced to £4.50. net. f.o.b.
Cambridge.

@RECENT VISITORS 1o the Gen-
eral Radio laboratories include Mr. W. J.
Kroeger of the Frankford Arsenal,
Mr. G. Forrest Drake. Chief Engineer of
Woodward Governor Company., Dr.
Frederick E. Termon, President of the
Institute of Radio Engineers, and Messrs,
W. R. Knotts. R. Howell, and F. R.
Flanshurg of RCA.

HE 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 OFFICES
90 WEST STREET, NEW YORK CITY
1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA

)

www.ietlabs.com

1)
IET IET LABS, INC inthe GenRad tradition
534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959  (800) 899-8438 * FAX: (516) 334-5988



	Jan 1941 p1
	Jan 1941 p2
	Jan 1941 p3
	Jan 1941 p4
	Jan 1941 p5
	Jan 1941 p6
	Jan 1941 p7
	Jan 1941 p8

