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@ FOR MANY YEARS General Radio
Precision Condensers have been used as
basic equipment in laboratories all over the
world. The ruggedness, stability and accu-
racy of these condensers have rendered
them of fundamental use in all kinds of
measurement work where dependable, con-

tinuously-adjustable capacitance standards are required.

The principal features which have led to the widespread adoption
of General Radio Precision Condensers are the excellence of the mechan-
ical construction, the precision of capacitance setting, and the low and
known electrical losses at audio and low radio frequencies.

In recent years, interest in measurements at high radio frequencies
has led to the use of these condensers at frequencies in excess of those

for which they were
designed. Under these
conditions electrical
errors arise because of
the presence of un-
wanted residual pa-
rameters. Unfortu-
nately the high avail-
able precision of ca-
pacitance setting in
many cases tends to
create a feeling of false
security and the loss
of accuracy in the con-
denser is not recog-
nized.
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Frcure 1. Interior view of the Type 722-N Condenser
showing the method of feeding the rotor. For a close-up
view of the brush mechanism, see page 6.

www.ietlabs.com



GENERAL RAD 2

O

Ficugre 2.
In this circnit the resistance, R, corresponds to
losses in the metallie portions of the condenser;
the conductance, G, l.\orn:sp-mds to losses in the
solid dielectric portions of the condenser; and
the inductance, L, corresponds to magnetic flux
get up by conduction earrents in the metal por-
tions of the condenser. The capacitance, €, rep-
resents the static capacitance of the condenser.

The addition to the Precision Con-
denser line of a new high-frequency
model, the Type 722-N. extends the
advantages of highly precise mechan-
ical construction to a condenser whose
performance can be accurately pre-
dicted at frequencies up to 30 Me.

RESIDUAL PARAMETERS

The residual electrical parameters
which occur in variable air condensers
and which cause the behavior 1o change
as a function of frequency are: (1) re-
sistance components corresponding to
losses in the metal and solid dielectrie
portions of the condenser, and (2)
inductance caused by the magnetic field
set up by conduction currents in the
melal structure.

An equivalent circuit which may be
used to represent a variable air con-
denser is shown in Figure 2%,

As a function of dial setting the resid-
ual parameters designated by R, G, and
L all tend to remain constant. As a func-
tion of frequency the inductance, L,

“R. F. Field and D, B. Sinclair, "A Method for Determining
the Residual Inductance and Resistance of a Variable Air

Condenser at Radio Frequencies,” Proc. [. R, E., 24, 2,
February, 1936.
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remains constant, the conductance. G,
increases nearly linearly with frequency
and. at high frequencies where it is
significant, the resistance, R, increases
approximately as the square root of the
frequency.

EFFECTS OF
RESIDUAL PARAMETERS

The residual inductance, L. intro-
duces a component of positive reactance
in series with the condenser, which
causes the net negative reactance at the
terminals to be lower than it should be.
The effect of the inductance is therefore
to increase the terminal capacitance by
a fractional amount which increases as
the capacitive reactance decreases and
as the inductive reactance increases.
The error consequently increases both
with frequency and with dial setting.
The effective terminal capacitance fol-
lows the law

AR e (1)

The conductance, G, causes a dissi-
pative component in the terminal im-
pedance.

Since the conductance, G, increases
linearly with frequency, the correspond-
ing component of dissipation factor
G
wC
i= constant as a function of frequency
at any given capacilance setting.

The resistance, R, adds a further dis-
sipative component of terminal im-
pedance.

The corresponding dissipation factor
component

I)G =

D = RuC
is ordinarily negligible up to frequencies
at which skin-effect in the metal parts
is essentially complete. At higher fre-
quencies the resistance, R, increases as
the square root of the frequency and
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the dissipation factor component in-
creases as the three-halves power of the
frequency.

A precision condenser is used normally
under such conditions that the dissipa-
tion factor components, Dg and Dp,
and the inductive error are small. The
expressions for the effective terminal
impedance and admittance of the con-
denser under these conditions are

1

wC,

G 1 — *LC
~| R —rp 2
I: x iwCJ9:| j[ wC :| &)

Y. = G. + joC.

: C
z[ﬂ4—RMCF1+j[rfiqz] (3)

and the over-all dissipation factor is

Z.=R. —j

approximately

D=Dg+ Dy = £+ RuC  (4)
wC

ERRORS IN MEASUREMENTS
CAUSED BY RESIDUAL
PARAMETERS

The errors caused by residual param-
elers in measurements using a variable
air condenser as standard depend upon
the frequency and upon the method of
measurement. At high frequencies. in
particular, it has been found that sub-
stitution methods of measurement tend
to give results of maximum accuracy.
In this discussion the parallel-substitu-
tion method will be the only method
considered.

In parallel substitution methods the
susceptance of a given ecirenit branch
containing the standard condenser is set
at some particular value corresponding
to a desirable capacitance setting. The
unknown admittance is then connected
in parallel with the standard condenser
and the susceptance restored to its
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initial value by readjusting the con-
denser. The susceptive component of
the unknown is found directly from the
change in susceptance of the condenser.
The conductive component of the un-
known is found from the change in total
conductance of the arm when the un-
known admittance is in and out of
circuit.

Measurement errors can arise from
three sources if the residual parameters
of the condenser are neglected:

(1) The change in susceptance of the
standard condenser between the initial
and final condenser readings is not equal
to w(Cy — Cy) but is influenced by the
residual inductance and iz equal to

w(Cs — Cl)

1 — ' L(C + C)

(2) The conductance of the standard
condenser does not remain constant but
changes between the initial and final
settings by an amount

Gy — Gy = Re*C(C,, + C,,) (6)

(3) If parallel-resonance methods,
such as the susceptance-variation
method,* are used to determine the dis-
sipative component of the unknown,
the ohserved breadth of the resonance
curve is influenced by residual indue-
tance. For the breadth of the resonance
curve used to determine conductance,
the true capacitance difference to he
used is Cr— ¢

G BT

where €’ and C" are the two readings on
either side of resonance.

The effect of residual parameters is
greatest in the measurement of small
values of power factor such as those of
good mica condensers. An example of

WG =0 =

(5)

(7)

“I) B. Sinclair, "Parallel Resonance Methods for Precise
Measurements of High Impedances at Radio Frequencies,”
Proc. I. R. E.; December, 1938,
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the large errors which may be encoun-
tered under extreme conditions is as
follows:

The inductance of the 1000 puf section of a
Tyee 722-D Precision Condenser is approxi-
mately 0.065 uh and the metallic resistance at a
frequency of 10 Me is about 0.065 2. Suppose
this condenser be used 1o measure the capaci-
tance and power factor of a 1000 uuf Tyer
505 Condenser at a frequeney of 10 Me.

The effective capacitance of the 1000 uuf
Tyee 505 Condenser at 10 Me is 1258 puf and
the power factor is 0.97..% Let the initial dial
reading of the standard condenser, €. be
1100 yuf. The initial effective terminal capaci-
tanee is

TG o

C,=
The linal effective terminal capacitanee must be
Cey = 1532 — 1258 = 274 puf
and the final dial reading
Gy = 254 upf.

The error in taking the difference in dial
readings as the unknown capacitance, withont
correction for inductance, is therefore

1100 —
1258

X 100 = 32.89%,

The component of condenser conductance
caused by metallic losses at the initial setting is
R{w(,,)* = 602 ymho
ce is greater than the nominal
luctance. See "The Behavior of

05 Condensers at High Frequencies,” General
Experimenter, April, 1938,

effective capaci

Radio

OURII ENT DISTRIBUTION
IN SHAFT

APPROXIMATE CURRENT
DISTRIBUTION
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and at the final setting
R(w(,,)* = 19 ymho
The change in condenser conductance is”

therefore —583 umho when the susceptance is
restored after conneeting the unknown. The
conductance of the 1000 uuf condenser corre-
sponding to a power factor of 0.97; is 867 pmho.
The error in taking as the conductance of the
unknown the difference in conductance of the
circuit when the unknown is connected and dis-
connected is therefore

583
;(_ X 100 = 67.27

Very large errors in both capacitance
and power-factor measurements are seen
to oceur. Indeed, in many cases the error
caused by metallic resistance is so large
as 1o cause the observed value of power
factor to become negative.

LOCATION AND REDUCTION
OF RESIDUALS IN TYPE 722-N
PRECISION CONDENSER

The minimization of the residual in-
ductance and metallic resistance is seen
to be a prime requisite in the design of a
high-frequency condenser.

The residual resistance arises in the
rotor shaft and stator rod washers, in the
washer-to-plate contacts. and in the
plates themselves.” The residual induc-
tance arises principally from magnetic
flux set up by currents in the rotor shaft
and stator rod washers. This flux lies in
planes parallel 1o the plates. Currents in
the plates themselves set up relatively
little flux since they are diffused over
large areas.

t high frequencies the current tends o the path of least
inductance which is around the plates, rather l[lllll through
them. The losses in the plates therefore become an appre-
ciable part of the whole. The reason th metallic re-
i atively constant wil lial setting is
loss oevurs in
the immediate v 1 stator rods
where the current dens high. In these regions the cur-
rent distribution is not so greatly affected by rolor position
= elzewhere.

apparent

Frcure 3. Showing the distribution of eur-
rent in a rotor shaft fed at the left-hand end.
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Frcune 4.

To a very fair degree of approxima-
tion the metallic resistance and residual
inductance of a variable air condenser
can be considered as uniformly distrib-
uted along the rotor shaft and stator
rods. On this basis a simple analysis of
the effect of points of current entry into
the stack ean be formulated.

Figure 3 illustrates a rotor shaft with
current fed in at the left-hand end. To
a first approximation the current de-
creases linearly along the shaft length at
frequencies low compared to the first
natural frequency.

Suppose the resistance of the shaft to
uniform current is R and the inductance
L. The effective resistance and indue-
tance for the non-uniform current are
casily found from energy considerations.

The current at any distance along the
shaft, i. 1s related to the current at the
left-hand end. I, by the expression

[ —=x

)

i =1

The total power loss, referred to the
left-hand end of the shaft, is

i
o

RI‘-’I* ot A
=T n(l*.\j dx—;’3

and the effective resistance R, = R/3.
Similarly the total energy storage, re-

Current distribution when current is fed symmetrically to the shaft.

ferred to the left-hand end of the shaft.
is

Il
| -
|
|
—
~
\
-
e
-9
=

1D |

and the effective inductance L, = L/3.
The effective resistance and induc-
tance can be reduced by feeding current
symmetrically to the shaft. For instance,
if the current be fed at the center instead
of the end the current distribution is as

Ficure 5. Metallie resistance of Type 722-N

Precision Condenser as a function of frequency.

For purposes of comparizon, the resistance of
Tyre 722-D is also shown.
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Ficure 6. Variation in effective capacitance
of Tyre 722.N Condenser as a function of
gtatic capacitance for various frequencies.

shown in Figure 4(a) and the effective
resistance is B, = R/12 and the effective
inductance L, = L/12.

Multiple current feed reduces the re-
sidual parameters still further. Double
feed, as in Figure 4(b), gives R, = R/48
and L, = L/48; triple feed, as in igure
(), gives R, = R/108 and L, = L/108.

Fieune 7.

Showing the leads and the method
of connection to the rotor.
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The general expression for n points of
entry into the stack is R, = R/12 n® and
L.= L/12n%

PRACTICAL APPLICATION OF
SYMMETRICAL FEED
TO CONDENSER

Change-over from the usual end-feed
system to a center-feed system lowers
both the metallic resistance and residual
inductance by a factor of 4. In practice,
it is seldom advantageous to go further
than this because the resistance and in-
ductance of the leads to the binding posts
quickly become predominant,

In the Typre 722-N Precision Con-
denser center-feed has been adopted with
a consequent reduction of resistance and
inductance in the stack. In addition a
heavy strip connector is used to feed the
stator stack and a brass disc with a wide
brush contactor to feed the rotor. A de-
tailed view of the construction is shown
in the accompanying photograph.

The metallic resistance and residual
inductance obtained with this construe-
tion are lower by a factor of about 3 : 1
than those obtained with the high sec-
tion of the Type 722-D Precision Con-
denser. For a typical Type 722-N Pre-
cision Condenser the variation of the
metallic resistance with frequency is
shown in Figure 5. The residual indue-
tanceis constantand is equal to 0,024 uh,
The variation in effective terminal ca-
pacitance caused by this inductance is il-
lustrated in Figure 6,

Because an insulated rotor shaft is
used, no current flows in the ball bear-
ings which support the rotor shaft. This
construction prevents the variation of
metallic resistance which would other-
wise arise in the erratic electrical con-
tacts between the bearing surfaces.

— D. B. SiNcram
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SPECIFICATIONS

Capacitance Range: 100 to 1100 guf, direct
reading.

Rotor Plate Shape: Semicircular to give a
lincar capacitance characteristic.
Standard-Calibration Accuracy: The capac-
itance, measured at 1000 cycles, is indicated
directly in micromicrofarads by the dial and
drum readings to =1 upf.

Worm-Correction Calibration: A worm cor-
rection can be supplied on special order. (See
price list.) A mounted chart is supplicd giving
the eorrection to at least one more figure than
the guaranteed accuracy stated below.

When this eorrection is used, the capacitance
can be determined within £0.1 puf or £0.19,
whichever is the greater, and capacitance dif-
ferences ean be measured to an accuracy of
+0.2 pufor £0.19, whichever is the greater.
Dielectric Supportis: Two bars of isolantite
support the stator assembly, and a third insu-
lates the high terminal from the panel.

Dielectric Losses: The fizure of merit, RuC?,
when measured at 1000 eyeles, is approximately
0.05 x 1071,

Other Residual Parameters: See Figures 5

and
Maximum Voltage: 1000 volts, peak.

Temperature Coefficient: Approximately
+0.002%, per degree Centigrade.

Mounting: The condenser is mounted on an
alaminum panel finished in black crackle lac-
ciucr and encloged in a shielded walnut cabinet.
A wooden storage case with lock and carrying
handle is included.

Dimensions: Panel, 8 x 91% inches; depth,
81 inches.

Net Weight: 115§ pounds; 2014 pounds with
carrying case.

Type = _— Description _ Code Word Price
722-N | 100 to 1100 uuf, direct reading . BOX ER l $150.00
Worm-Comection Calibration WORMY 35.00

When ordering use compound code word, BoXERWORMY.

THE PRECISION FORK IN CONTINUOUS OPERATION

@ THE TYPE B815-A PRECISION
FORK announced in the May, 1936,
issue of the Experimenter has been widely
used as a secondary standard of fre-
quency for standardization and meas-
urement where a precision of one part in
ten thousand (0.019;) iz adequate. A
considerable number have been used as
the timing elements in seismographic
surveying for oil deposits, as reliably
steady sources of alternating current for
the stroboscopic regulation of clocks and
watches, and as the synchronizing ele-
ments in facsimile transmission, ete.
They afford a simple means of providing
stabilized alternating current in the low
audible frequency range without the
elaborate equipment required to produce
these low-frequency currents from a
piezo-electric oscillator.

These forks are constructed of a special
stainless steel alloy which gives them a
much lower temperature coefficient of

IET
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frequency (less than ten parts per mil-
lion negative per degree F.) than ordi-
nary machine steel, so that frequently
they are used without temperature con-
trol, and their design is such that the
voltage coefficient of the driving battery
(which for intermittent operation may
be simply three dry cells) is quite neg-
ligible. They are readily portable and can
be made for any frequency between 40
and 200 eycles per second.

The fork is massive, accurately ma-
chined, and mounted on rubber shock
absorbers. Two microphone buttons are
used, one for driving the fork, the other
to supply energy at the fork frequency
to an external circuit.

The author recently had oceasion to
investigate how one of these forks would
behave on continuous operation under
admittedly ideal conditions,

In order 1o eliminate the small effect
of temperature fluctuations, a 50-cycle

IET LABS, INC in the GenRad tradition
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fork, taken from stock, was placed in a
temperature-control hox which main-
tained the temperature at 47.90 £
0.157C, at all times. The fork was driven
continuously by a 4-volt storage battery
so regulated that the driving emf never
fluctuated by more than 0.1 volt. The
fork was run continuously without any
disturbance, adjustment, or interruption
for over two months, and its amplified
output was used to drive a synchronous
clock of such design that any slip of
synchronism would have immediately
a-‘[np[u'tl the clock.

Daily readings were made of the fork
frequency by two methods: (1) The
clock readings were checked against
radio time signals from NAA, from
which data the integrated frequency cor-
responding to the average frequency over
the preceding twenty-four hour period
was computed. These time readings were
made to better than one-fifth second per
day, giving a possible error in the in-
tegrated frequency values of the order of
ome part in 500,000. (2) A value of what
we may call a sample frequeney was oh-
tained by a three-minute stroboscopic
comparison between the fork output and
1000-cycle current from our master

Ficure 1.
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piezo-electric standard known to be ae-
curate to one part in several million. The
technique of this measurement per-
mitted this sample frequency to be de-
termined within the same error of about
one part in 500,000, Thus, both the in-
tegrated and sample frequency values
were known 1o £0.0001 eycle per second.

A portion of the data taken is given in
the accompanying plot in which the
abscissae represent suceessive days of the
run and the ordinates indicate the oh-
served frequency values. The solid line
connects the points corresponding to the
daily integrated values while the small
circles indicate the daily sample values,
In inspecting this plot, note that the
complete range of the ordinate scale rep-
resents a variation of only plus or minus
one part in 50,000 from the nominal
value.

These data, apparently. do not indi-
cate any progressive aging phenomenon
although they do show erratic variations
about the normal. As would be expected.
the day-to-day variations of the sample
frequency were more erratie than those
of the integrated values, Assuming the
mean value of the data to be the nom-
inal value, we see that at no time does
either set of data depart from its mean
value by more than one part in 50,000,

Photograph of Tyee 815-A Precision Fork.
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Ficure 2.

and that, for the most part. the data lie
considerably within this range. Simul-
taneous records were kept of the operat-
ing parameters such as microphone
current, (]riving vnllﬂgc. ete., but no
definite relationship could be established
between the variation of these meas-
urable parameters and the correspond-
ing frequency fluctuations. The author
helieves these fluctuations to be caused
by eccentricities inherent in such a
device as a carbon microphone. These
erratic mechanical changes in the physi-
cal structure of the microphone button
may produce minutechanges in the load-
ing of the fork or slight changes in the
phase relationship between tine motion
and driving eurrent.

Plot of the results of a 60-day test run on TypE 815-A Precision Fork.

The reader must not infer that the
Tyre 815-A Precision Fork is good under
all conditions, and especially on inter-
mittent service, to one part in 50,000, as
obtained in the above data. For an hour
or more after starting or moving about,
the microphones are engaged in a stahi-
lizing phenomenon, and more erratic
variations, as well as some progressive
drift, may be expected in the fre-
quency, which prohibits a specifica-
tion of frequency better than one part in
ten thousand. However, for uses em-
bodying continuous operation in a given
location and provided with temperature
control, a duplication of the author’s re-
sults may be expected.

- HoraTio W. Lavsox

A 50-cycle model of Type 815-A Precision Fork is carried in stock and is priced
at $165.00. Forks for other frequencies between 40 and 200 cycles can be built to

order. Prices on request,

THE VARIAC AS A SERIES DIMMER

VARIAC
P

LINE LOAD
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@® ASSOCIATED THEATRICAL
SERVICE of San Francisco reports the
use of Variacs as series dimmers for
lighting control. The Variac is connected,
like a rheostat. in series with the load.
The advantage of this arrangement is
that Variacs can be substituted for
resistance dimmers in existing control
systems without in any way changing
the wiring.
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IMPROVEMENTS IN THE TYPE 568 CONDENSER

® MANY MANUFACTURERS, lab-
oratory workers, and amateurs have
used Tyre 568 Variable Air Condensers
for assembly into receivers, transmitters,
and wavemeters, and for use in experi-
mental equipment at hich frequencies.
The trend toward their use at ultra-high
frequencies. however, has necessitated
some changes in design, in accord with
the principles discussed in a preceding
article.* These changes have been mainly
directed toward reducing the high-fre-
quency resistance,

There are two main sources of loss in
a variable air condenser. One is the
dielectrie loss caused by the power
factor of the insulating material. Be-
cause isolantite is used in Type 568
Condensers, this loss is very small. The
other loss, which becomes increasingly
important at high frequencies, is the
metallic resistance loss in the condenser
stack. It is toward the reduction of this
loss that the new changes in design
have been aimed.

The new Type 568 Condensers use

#See page 1.

two spiders, one at each end. to feed the
current to the rotor, and the terminals
to both rotor and stator are hrought
out at the center of the stacks. As a
result the resistance is reduced to ap-
proximately one-fourth of its former
value. As before, both plate stacks are
made integral by complete soldering of
all the plates.

Two new models having increased
maximum capacitances have been added
to the line of TyprE 568 Condensers. The
TyrE 568-E has the same plate shape as
the older Type 568-D. straight-line ca-
pacitance, but an increased stack length
doubles the capacitance. Similarly, the
new Type 568-L uses the straight-line
frequency plates of the Type 568-K but
has twice the maximum capacitance. As
with the older style, all models can be
ganged for tandem operation.

Complete specifications, together with
a dimensioned sketch, are given on
page 11. All four models are now
stocked for immediate shipment.

— MarTiv A, GiLmAN

Photograph of the four stock models of Type 568 Condenser showing the terminals.

Left ta right: Tyegs 568-E, -L, -D, and -K.
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Freure 2. Dimension
sketch of Type 568
Condenser. For values
of dimension A, see
specilications.

3MTG HOLES NO. 25 DRILL
C'SINK FOR 6-32 F.H.M.S.

SPECIFICATIONS

Dielectric Losses: The figure of merit,
Rw(C?, is approximately 0.03 > 1072,

Maximum Voltage: 500 volts, peak.
Rotation Angle: 180° for Tyres 568-D and
568-E, 270° for Tyees 568-K and 568-L.

Nominal Capucitance

Dimensions: See sketch. Depth (dimension
A) is 24 inches for Tyres 568-D and 568-K,
and 324G inches for Tyres 568-E and 568-L. All
shaft diameters are 34§ inch,

Net Weight: *{ pound for Tyres 568-D and
568-K, 1 pound for Types 568-E and 568-L.

Type Maximum Minimum Plate Shape Code Word ~ Price
568-D I 175 upf 13 uuf st.—line cap. CLOVE $1.50
568-E | 360 uuf 18 puf st.~line cap. CLOWN 7.00
368-K 50 puf 11 uuf st.-line freq. CLOUD 4.50
368-1. 100 puf 14 puf sl.-line freq. CAGED 7.00

MISCELLANY

® SCIENTISTS from all over the
world recently attended a Congress for
Applied Mechanies held at Massachu-
setts Institute of Technology. A feature
of the Conversazione, held on the eve-
ning of September 13. was the extensive
use of the Edgerton Stroboscope. Strobo-
scopes (and Strobotacs) were used in
nine separate exhibits to illustrate
mechanical principles.

(1) Peltan Wheel. A Pelton water
wheel was run at low speed to avoid
splash, and was illaminated by two
stroboscopic lamps, which clearly showed
the action of the water on the buckets.

IET
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(2) Cavitation. Periodically recur-
ring cavitation in a stream of water was
shown by means of a Tyre 548-A
Strobosecope.

(3) Cavitation. Cavitation on the
end of a nickel rod vibrating at very high
speed was under observation with a
Type 631-A Strobotac.

(1) Water-drop Formationin a stream
of water from a small vane pump was
under observation with the light from
two Strobotron tubes. The light flashes
could be synchronized to the pulses of
water sent out by the pump so that the
stream of water appeared to stop, go
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slowly downward, or actually appear to
flow uprwards. This demonstration is so
interesting that the apparatus is set up
as a permanent exhibit at M.LT.

(5) Smoke Vortices. Stroboscopic
light was used to show the beautiful
vortices that are formed when Ti Cl,y
smoke flows through and around the
blades of a fan.

(6) Gasoline-engine Section. The
Ford Motor Company lent a V8 engine
that was cut away to show the pistons,
valves, valve springs. and oil flow at a
speed of 1800 rpm. This made a very
effective demonstration when illumi-
nated with stroboescopie light.

(7) Vibration of Buildings. Cross-

sections of buildings were vibrated with
a motor and a Typre 548 Stroboscope
was used to illuminate the model so that
the motion could be observed.

(8) Cantilever Beamm Vibration. A
Strobotac was used to show dynamic
stresses in a vibrating beam with the
aid of Polaroid dises.

(9) Fatigue of Metal. Samples of
metal when vibrated violently in fatigue
tests were under observation with a
60-cycle Stroboscope using a Strobotron
lamp.

® VISIT booths 13 and 14 at the
Rochester Fall Meeting of the LR.E.
General Radio instruments will be on
display — General Radio engineers will
be in attendance.

E 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.
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